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10 Methods of identifying, s e ating and/or characterizing compounds 

whirh modulate th e activity of a Src family kinase 

The ptesent invention relates to methods of identifying, selecting and/or characterizing com- 
pounds which modulate the activity of a Src family kinase and their use in the treatment of 
1 5 diseases, which are at least in part caused by at least one Src family kinase. 

Various methods of selecting, identifying and/or characterizing compounds are known in the 
art. These screening methods are used to identify and/or characterize compounds for their 
potency to bind to target proteins and/or to modulate the function of target proteins. Meth- 
20 ods of this kind are available for numerous protein targets which are inter alia involved in the 
etiology of certain pathological disorders. 

The most common screening systems are based on measurements of the binding constants of 
the compound to be tested for their binding properties to certain-target proteins. However, it 

25 is preferred to use cell based assays to screen for potentially interesting compounds. In gen- 
eral, these cell based assays make use of an overexpression of the target protein to permit 
large-scale screening. Nagy et aL describe an inducible expression system for NMDA recep- 
tors which may be used for drug screening purposes (Neurochem. Int. 2003; 43(1), 19-29)). A 
related method is disclosed by Uchino et al. (Brain Res. Mol. Brain Res., 1997; 44(1), 1-11), 

30 namely a cell-based, inducible drug screening system for compounds acting on an NMDA 
receptor channel. Vanhoenacker et al. describe a high level expression system of human sero- 
tonin receptors in L929 cells using an inducible expression system (Receptor Channels; 1997; 
5(3-4), 125-137). This system is established for characterization purposes of a potentially in- 
teresting substance. 
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One protein target of interest amongst many others, for which various methods of identifying 
or characterising compounds (with activity to modulate the target protein function) ate avail- 
able, is e.g. Hsp 90 (Heat shock protein 90). The Hsp90 family of proteins is a group of 
5 highly conserved stress proteins that are expressed in all eukaryotic cells. It plays a key role in 
the cellular stress response by interacting with many proteins after their native conformation 
has been altered by environmental stresses, such as heat shock, ensuring adequate protein 
folding and preventing non-specific aggregation (Smith et aL (1998) Pharmacological Review, 
(50) 493-513). Beside that Hsp90 has an important regulatory role by maintaining the con- 
10 formational stability and maturation of several key client proteins. 

For example, WO 03/067262 discloses a method of identifying compounds which modulate 
the interaction between the Hsp90 and the co-factor Aha-1. The method is based on a cell 
based assay. Upon addition of a test compound an effect on the cells may be observed, e.g. 

1 5 determination of the morphological status of the cells. Assay methods disclosed therein may 
be used to determine the abiHty of test compounds to inhibit cellular proliferation. WO 
03/050295 relates to a cell-based method for identifying compounds modulating a high affin- 
ity form of Hsp90, which occurs in certain tumor cells. WO00/686693 discloses a method of 
screening and identifying a molecule that alters the centrosomal location of Hsp90 in a cell. 

20 The modulating effect of a test compound on Hsp90 may also affect the correct folding of 
proteins interacting with Hsp90. In such a case, the compound can act as an indirect inhibitor 
of the protein interacting with Hsp90. 
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In other words, methods known in the art for the identification/characterization of com- 
pounds with modulating effects on target proteins, e.g. Hsp90 amongst numerous other tar- 
get proteins, may be based on a variety of mechanisms depending upon the specific cellular 
function of the respective target protein and may be determined by direct or indirect modes 
of action. 

Other cellular protein targets, which play a key role for cellular processes, are the members of 
the Src kinase family. These kinases are implicated in e.g. cancer, immune system dysfunction 
and bone remodelling diseases. For general reviews, see Thomas and Brugge, Annu. Rev. Cell 



Dev. Biol. (1997) 13, 513; Lawrence and Niu, Pharmacol. Ther. (1998) 77, 81; Tatosyan and 
Mizenina, Biochemistry (Moscow) (2000) 65, 49; Boschelli et al., Drugs of the Future 2000, 
25(7), 717, (2000). 

5 Members of the Src family include the following nine kinases in mammals: Src, Fyn, Yes, Fgr, 
Lyn, Hck, Lck, Blk and Yrk. These are nonreceptor protein kinases that range in molecular 
mass from 52 to 62 kD. All are characterized by a common structural organization that is 
comprised of six distinct functional domains: Src homology domain 4 (SH4), a unique do- 
main, SH3 domain, SH2 domain, a catalytic domain (SHI), and a C-terminal regulatory region 

10 (Tatosyan et al. Biochemistry (Moscow) 65, 49-58 (2000)). An alignment of the sequences of 
said members of the Src family is given in Figure 18. All sequences are human, except Yrk 
which is from chicken. 

Src (a member of the Src kinase family) was the first Src family member identified. Its identi- 
15 fication was due to the discovery of an oncogenic variant, "v-Src", in the genome of Rous 
sarcoma virus which was considered to be responsible for the rapid eruption of tumors in 
animals infected with this avian retrovirus Qave and Hanafusa, 1987. Cell transformation by 
the viral src oncogene. Annu. Rev. Cell Biol. 3_, 31-56.). Its cellular homolog, c-Src or Src, is 
involved in cell division (probably through interaction with different growth factor receptors), 
20 as well as cell shape changes, adhesion and motility through regulation of integrin signalling 
and cytoskeletal architecture (Roche et al., 1995, Science 269, 1567-9; Mao et al., 1997, Onco- 
gene 15, 3083-90; Parsons and Parsons, 1997, Curr. Opin. Cell BioL 9, 1 87-92; Abu-Ghazaleh 
et al., 2001, Biochem. J. 360, 255-64; Belsches-Jablonski et al., 2001, Oncogene 20, 1465-75; 
Avizienyte et al., 2002, Nat. Cell Biol. 4, 632-638; Frame, 2002, BBA 1602, 114-30; Kitagawa 
25 et al., 2002, J. Biol. Chem. 277, 366-71). 

Furthermore, Src is involved in the replication of hepatitis B virus. The virally encoded tran- 
scription factor HBx activates Src in a step required for propagation of the virus (Klein et al., 
EMBO J., 18, 5019, (1999) and Klein et al., MolCeU. Biol., 17, 6427 (1997)). 
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Because of its functions, a number of studies have implicated Src in the generation and/or 
progression of several types of cancer, including breast, hepatic, pancreatic and ovarian cancer 



and in particular several kinds of leukemia and lymphomas as well as colon cancer (Cartwright 
et al., 1990, Proc. Nad. Acad. Sci. USA 87, 558-62; Lynch et aL, 1993, Leukemia 7, 1416-22; 
Pories et aL, 1998, Gastroenterology 114, 1287-95; Frame, 2002, BBA 1602, 114-30; Tala- 
monti et aL, J. Clin. Invest., 91, 53 (1993); Lute et al, Biochem. Biophys. Res. 243, 503 (1998); 
Rosen et al., J. Biol. Chem., 261, 13754 (1986); Bolen et aL, Proc. Nad. Acad. Sci. USA, 84, 
2251 (1987); Masaki et aL, Hepatology, 27, 1257 (1998); Biscardi et al., Adv. Cancer Res., 76, 
61 (1999); Lynch et al., Leukemia, 7, 1416 (1993)) and other disorders. 

An unambiguous correlation between Src kinase activity and advancing tumor stage in colon 
cancer has been demonstrated (Talamonti et al., J. Clin. Invest., 91, 53 (1993)). It was shown 
that there is a strong positive correlation between Src activity and tumor progression from 
non-malignant polyps towards invasive cancers and metastatic foci. Therefore, activation of 
Src kinase in primary colorectal carcinoma entails a poor clinical prognosis (Aligayer et al., 
2002, Cancer 94, 344-51). A reduced activation of Src in human colon and ovarian cancer 
cells was shown to reduce their tumorigenicity, suggesting that Src inhibitors could have a 
potential as anti-cancer drugs (Wiener et al., Clin. Cancer Res., 5, 2164 (1999); Staley et al., 
Cell Growth Diff., 8, 269 (1997)). Colon cancer is a common disease which leads to death in 
-50% of the cases as a consequence of metastasis. Thus, therapeutic substances are highly 
desired for more successful treatment strategies of colon cancer and other cancers as well. 

Since Src and other Src family members (which are involved in similar signal transduction 
pathways as Src and reflect, therefore, a spectrum of functions within the cell which is quite 
similar to Src's physiological function) are involved in various pathologic disorders, there is a 
long lasting need in the art for methods that allow to identify and characterise compounds 
modulating the activity of Src family members. While there are methods known in the art that 
merely allow to screen for compounds with binding affinity to Src family members, at this 
time no system exists which allows to a) detect/identify compounds, which modulate the 
activity of members of the Src kinase family and b) distinguish between different modes of 
action of identified compounds, in particular between direct and indirect effects on a member 
of the Src family, different binding modes or the characteristic specificity of the identified test 
compound(s). 



Nevertheless, such a system is highly required to obtain specific conclusions about the effec- 
tiveness, mode of action and specificity of a test compound. Furthermore, experimental re- 
sults giving these conclusions are of utmost importance for further research activities directed 
to the use of a compound as a medicament for the prevention or treatment of a disease or 
5 disorder state, which is at least partially caused by a Src family member. 

Consequendy, it is the object of the present invention to provide methods for the identifica- 
tion of compounds (modulating the function of Src kinase family members), by which dis- 
criminating clues are given for the effectiveness, the mode of action and the specificity of the 
10 test compounds used. 

According to the invention a cellular assay is provided, by which (i) an inducible expression of 
Src family kinases or Src family kinase mutants is carried out and (ii) a determination of the 
effectiveness, mode of action and the specificity of a test compound towards Src family 
15 kinases is based on phenotype changes of the cells upon contact with the test compound(s). 
The extent of suppression of phenotype changes by the test compound is used as a read-out 
of the method according to the invention. These phenotype changes can be qualitatively ob- 
served with a microscope and/or can be quantified employing various assay formats. 

20 The present invention relates in its first embodiment to a method of identifying, selecting 
and/or characterizing a compound, which modulates the activity of at least one Src family 
kinase, comprising the steps of: 

(a) cultivating at least one cell (or at least one cell line) containing at least one nu- 
cleic acid coding for a Src family kinase or a mutated Src family kinase under 

25 suitable conditions, 

(b) expressing the nucleic acid(s) in the cell(s) of step (a) under suitable condi- 
tions, 

(c) contacting the cell(s) of step (b) with at least one test compound and 

(d) determining whether the phenotype of the cell(s) of step (c) is changed as 
30 compared with the phenotype of the cell(s) of step (b) whereby a difference in the 

phenotype indicates that said test compound modulates the activity of at least one 
Src family kinase. 
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"Src family kinase" according to the invention means a protein tyrosine kinase form the Src 
family and relates to any member of the Src family, including but not limited to Src, Yes, Fgr, 
Fyn, Lck, Hck, Lyn, Blk and Yrk. Preferably, the Src family kinases are vertebrate, in particu- 
5 lar mammalian kinases (e.g. horse, pig, chicken, rat, mouse. Human Src family kinase se- 
quences are most preferred. 

"Mutated Src family kinase" or "Src family kinase mutant" according to the invention means 
a Src family kinase which shows a change in at least one amino acid. Such a change includes 
10 any possible alteration in the amino acid sequence (caused e.g. by addition, deletion, substitu- 
tion etc.) and modification of amino acids. 

"Src" or "Src kinase" according to the invention relates to the aforementioned member Src of 
the Src family. This applies correspondingly to "mutated Src" or "mutated Src kinase". 

15 

"Compounds" according to the invention relates to any molecules which may or may not 
modulate the activity of at least one Src family kinase or Src family kinase mutant, in particu- 
lar they can either direcdy or indirectly modulate at least one Src family kinase or Src family 
kinase mutant (direct or indirect Src family kinase inhibitors). "Compound" may be a small 

20 (organic) chemical entity, peptide antibody or intrabody molecule that effect the function of 
at least one member of the Src family. Suitable compounds may be selected from compound 
collections or designed compounds, for example using combinatorial chemistry. Preferably, 
the compound has a molecular weight of less than 3000, more preferably of less than 1500 
Da. "Compound" may be a peptide or a polypeptide, a modified peptide, e.g. a cyclic peptide 

25 or modified at the terminal end groups, e.g. with the introduction of a chloromethyl ketone, 
aldehyde, or boronic acid group at the C-Terminus or blocked at the N-terminus with a car- 
bob enzyl group, a naturally occurring substance or a conjugate substance comprising at least 
two components. 
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"Contacting" according to the invention means - in its broadest sense - any interaction be- 
tween the test compound with the Src family kinases or mutated Src family kinases of the 
invention, whereby any of the two components may be independently of each other in a liq- 



uid phase, for example in solution, or in suspension or can be bound to a solid phase, for 
example, in the form of an essentially planar surface or in the form of particles, pearls or the 
like. 

5 The term "contacting" more specifically comprises any possibility of interaction between a 
test compound and a cell or cell line of the invention. A test compound may be added to a 
cell or cell line or a cell or cell line may be added to a test compound, eg. in solution. 

The change of "phenotype" according to the invention relates to any kind of observable 
10 change, e.g. change in/of cell viability, cell death (apoptosis, necrosis), differentiation, mor- 
phology, motility, metabolism, plasticity, cellular proliferation and/or features of cell growth, 
eg. growth in one, two, three etc. layers, aggregation/ clustering of cells, distribution of cells 
over a surface or a culture dish. 

15 In a preferred embodiment the cell(s) or the cell line of step (a) of the method according to 
the invention exhibits the ability to inducibly display a characteristic phenotype reflecting the, 
preferably inducible, expression of at least one Src family kinase and/or at least one mutated 
Src family kinase, preferably a hyperactivated form of a Src family kinase and/or a mutated 
Src family kinase. Thereby, the inventive method allows to observe the phenotype of a cell 

20 being induced to (over)express at least one Src kinase and/or mutated Src kinase as a direct 
read-out. 

In another preferred embodiment the cell of step (a) of the method according to the inven- 
tion exhibits the ability to identify a compound which modulate the expression or activity of a 
25 Src family kinase or a mutated Src family kinase in the context of a living cell. Upon addition 
of a test compound the "Src-like" phenotype (as a result of the (over)expression of the Src 
family kinase) develops (no effect of the test compound on the induced cell) or the pheno- 
type shows upon addition of the test compound various degrees of deviations from the "Src- 
like" phenotype (test compound induces an effect on the cell). 
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In a further preferred embodiment the method of the invention gives a clue to the mode of 
action of test compounds. Their mode of action may be direct or indirect, since the test com- 
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pound may exert its impact on the cell e.g. via direct binding to a Src kinase or via indirect 
effects, e.g. by interfering with the Hsp90 chaperone system, on the activity of which proper 
folding of Src kinases depend. By using kinase dead Src family kinases it becomes possible to 
determine whether these compounds exert their effect via direct inhibition of Src kinase activ- 
ity or by interaction with non catalytic domains of a Src kinase or - by indirect effects - af- 
fecting Src folding and expression. 

In a further preferred embodiment the cell of step (a) of the method according to the inven- 
tion exhibits the ability to determine the selectivity and/or specificity of a compound. 

According to the invention it is preferred, that at least one, preferably two, more preferably 
three and most preferably four of the properties ((i) "Src-like" phenotype, (ii) detectability of 
the compound effect, (hi) conclusion about the mode of action, (iv) selectivity and specificity 
of the compound) are fulfilled by a method according to the invention. The number of the 
Src family kinase(s) and/or mutants of these Src family kinase(s) to be used in step (a) of the 
method of the invention in order to get information about the aforementioned properties 
depends on their characteristics. E.g. a wild type Src family kinase will generally provide in- 
formation pertaining to the properties (i) and (ii). A mutant of a Src kinase family member 
may even additionally open access by its own to the mode of action of a test compound (hi) 
(in other words direct or indirect effects of the test compound) and/or (iv) to the specific- 
ity/selectivity of a test compound. However, according to the invention it may be necessary 
to use (at least) two different Src family kinases and/or typically mutants of Src family kinases 
to retrieve information about the properties (iii) and (iv), respectively, of the compounds 
tested. 

In a preferred embodiment of the method according to the present invention a wildtype Src 
family kinase is used and at least one further mutant Src family kinase. The mutant Src family 
kinase(s) used for the assay according to the invention may show mutations which lead to 
hyperactivated forms of a Src family kinase member inducing a very strong phenotype, to a 
kinase dead mutant Src family kinase member (without any kinase activity) and/or to a mu- 
tant Src family kinase member which allows to determine the specificity of active compounds 
for specific Src family kinases. Additional mutants may be generated and used. Preferably 



single amino acid substitutions are used for generating these Src family kinase mutants. How- 
, the mutants may also be based on insertions or deletions. 



ever. 



"Kinase dead" Src family kinase mutants are typically based on mutations in the ATP binding 
site, preferably in at least one consensus amino acid, of a member of the Src family kinase 
resulting e.g. in an abolishment of the binding of ATP to the ATP binding site ("kinase dead 
mutant type"). Such a mutation leads to an inactive Src family kinase. Nevertheless, any Src 
family kinase mutant with any other mutation of a Src family kinase exhibiting loss of ATP 
binding may be suitable for use of a method according to the invention. These "dead end" 
Src family kinase mutants are preferably used as a control for the mode of action of a test 
compound. Such a control "kinase-dead" Src family kinase mutant can be used to distinguish 
whether a test compound inhibits the Src family kinase activity, interacts with non-catalytic 
domains and functions or affects the folding and/or expression of the Src family kinase. 

15 Another preferred embodiment of the method according to the invention employs at least 
one Src family kinase mutant which can be used to determine the specificity and binding 
mode of a test compound ("specificity determining mutant type"). This Src family kinase mu- 
tant according to the invention is encoded by a nucleic acid (coding for a Src family kinase) 
containing at least one mutation, e.g. in the ATP binding site, preferably by substitution of at 
20 least one amino acid, which acts as a specificity determinant of the encoded Src family kinase 
member or the Src kinase family as such. Preferably the mutant has a mutation within the 
ATP binding site, e.g. a deletion, substitution or modification. It is preferred that the muta- 
tion relates to at least one amino acid which is characteristic for Src family kinases (and even- 
tually some other related tyrosine kinases) in contrast to other tyrosine kinases, e.g. the mu- 
25 tant relates to a substitution, modification or deletion of a threonine in the ATP binding site, 
particularly T341 of Src or the analogous residues of the other Src family member. However, 
any mutant of a Src family kinase member with any other mutation exhibiting the described 
property is also usable for carrying out a method according to invention. Such a Src family 
kinase mutant at a specificity deterrnining residue affects the following: A test compound 
30 binding to the ATP binding site and exhibiting a significant degree of specificity for a Src 
family kinase (wildtype) will not bind with high affinity to said Src family kinase mutant. Con- 
sequently, the test compound will not inhibit this Src family, kinase mutant with a potency 
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comparable to a Src family kinase (wildtype). However, this Src family kinase mutant shows 
wildtype-like activity (wildtype or hyperactive kinase activity) and therefore, both are indistin- 
guishable otherwise. Thus, this Src family kinase mutant allows to determine the binding 
mode and specificity of a test compound. 

A further preferred embodiment of the method according to the invention employs at least 
one Src family kinase mutant which causes an hyperactive form of a Src family kinase ("hy- 
peractive mutant type"). Such a mutation e.g. renders phoshorylation of an amino acid of the 
regulatory residue impossible, e.g. at the (tyrosine) phosphorylation site. The phosphorylation 
of this amino acid is necessary for switching a Src family kinase from an active into the inac- 
tive form. Since the ratio of phosphorylation/dephosphorylation regulates the inactive/active 
conformation of a Src family kinase, a mutation, which does not allow the Src family kinase 
to be phosphorylated, leads to a permanent and constitutive activation and thus, to a hyperac- 
tive form of said Src family kinase. Thus, the binding of a test compound to this hyperactive 
Src family kinase mutant leads to a characteristic phenotype. In general, an assay according to 
the invention employs preferably a Src family kinase mutant, which cannot be phosphorylated 
at the regulatory site. Such a Src family kinase mutant according to the invention can be en- 
coded by a nucleic acid (coding for a Src family kinase) exhibiting a mutation, e.g. at the regu- 
latory phosphorylation site, particularly concerning or involving the regulatory tyrosin residue 
involved (which may be substituted for another amino acid or deleted or modified). This 
phosphorylation site is located in the carboxy-terminal tail of a Src family kinase which con- 
trols the kinase activity. Nevertheless, any other mutation of a Src family kinase leading to the 
described hyperactive form is employable for a method according to the present invention. 

Another preferred embodiment of the method according to the invention employs at least 
one Src family kinase mutant which leads (i) to a hyperactive form of a Src family kinase and, 
moreover, (ii) exhibits a mutation which allows to determine the specificity and binding mode 
of a test compound ("double mutant type"). Typically such a Src family kinase mutant has at 
least two mutations, preferably a mutation leading to a hyperactive form and mutation of at 
least one specificity determining residue (mutations as outlined above). Consequently, this Src 
family kinase mutant according to the invention can be encoded by a nucleic acid (coding for 
a Src family kinase) which combines these mutations. More precisely, a nucleic acid compris- 



ing © at least one mutation at the regulatory (tyrosine) phosphorylation site in the carboxy- 
terminal tail, regulating the ratio of inactive/active form of a Src family kinase, as described 
above, and (ii) at least one other mutation, e.g. in the ATP binding site, preferably by a substi- 
tution, modification or deletion of a threonine residue in the ATP binding site, which repre- 
sent^) a specificity determinant as described above. 

This type of Src kinase family member "double" mutant may be used for a method according 
to the invention in combination with at least one other type of the aforementioned types of 
Src family kinase mutants (eg. hyperactive mutant, kinase dead mutant and/or a specificity 
determining mutant). In general, at least one, preferably two, more preferably three and most 
preferably four mutant types of the group of mutant types consisting of "kinase dead" mutant 
type, hyperactive mutant type, specificity determining mutant type and double mutant type, as 
disclosed above, are used for method according to the invention. Preferably, the method ac- 
cording to the invention is carried out with at least the "kinase dead" mutant type (in other 
15 words cells expressing this mutant type) and the hyperactive mutant type, more preferably 
combined with cell expressing the specificity determining mutant type. In a further preferred 
embodiment of the method of the present invention the method uses wt Src family kinase 
(cells expressing a wt Src family kinase) as a control Another control may be cells not being 
induced by an inductor, e.g. tetracycline. 
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One preferable feature of the method according to the invention is the comparison of the 
phenotype change of the afore-mentioned Src family kinase mutant types upon addition of a 
test compound. 

25 In a preferred embodiment at least one, preferably two, three or four of the aforementioned 
characteristics are detectable by selecting at least one, preferably two, three or four or even 
more nucleic acids coding for a mutated Src family kinase from the group consisting of SEQ 
ID NOs 1 to 4 (Src sequences), SEQ ID NOs 5 to 8 (Yes sequences), SEQ ID NOs 9 to 12 
(Fgr sequences), SEQ ID NOs 13 to 16 (Fyn sequences), SEQ ID NOs 17 to 20 (Lck se- 

30 quences), SEQ ID NOs 21 to 24 (Hck sequences), SEQ ID NOs 25 to 28 (Lyn sequences), 
SEQ ID NOs 29 to 32 (Blk sequences), and SEQ ID NOs 33 to 36 (Yrk sequences). 
Thereby, the method of the invention provides results for at least one of the abilities dis- 
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closed above. The method of the invention can be carried out with any of the sequences 
listed above. Preferably the method of the invention is performed with all or a subset of se- 
quences for one of the members of Src kinase family. However, any test compound can be 
tested for its properties against at least two members of a subset of a Src family kinase (of the 
aforementioned Src kinase sequences and its mutants) in order to identify and characterise 
potentially effective test compounds by the method of the invention. 

Consequently, in a preferred embodiment the active test compound modulates the activity of 
a Src family kinase or mutated Src family kinase directly or indirecdy. Preferably, this com- 
pound inhibits the activity of effect mediated by the Src family kinase or mutated Src family 
kinase. 

"Modulate" the activity and/ or the expression of a Src family kinase or a mutated Src family 
kinase according to the invention means to change, e.g. decrease or increase, inhibit or acti- 
vate, partially or completely their activity and/or expression. 

Change or modulation of the "activity" of a Src family kinase or a mutated Src family relates 
to any mode of alteration resulting in a change of the phenotype of cells and — according to 
the invention - must not be understood as a limitation to the "kinase activity" of a Src family 
kinase or a mutated Src family kinase. 

"Direct inhibitors" direcdy bind to a domain of a Src family kinase or Src family kinase mu- 
tant. Those direct inhibitors will most likely bind to the kinase domain, especially in the ATP 
binding pocket or the substrate binding site. Nevertheless, effects through binding of direct 
inhibitors to other sites or domains are also possible, since they may exert structural changes 
on e.g. the substrate binding site or ATP binding site or the entry of the ATP binding site. 
Direct inhibitors of the Src family kinase family are e.g. PPl-Chr., PP2 and SU6656. These 
direct inhibitors were also used in several experiments according to the invention. Their 
chemical structure is shown in Fig. 9p. 

"Indirect inhibitors" do not inhibit the Src family kinase or mutated Src family kinase, itself 
but other components, in particular proteins, involved in the signal transductions pathway or 
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folding or formation of a Src family kinase. For example they inhibit the Hsp90/Hsp70 chap- 
erone system (Stebbins et aL, 1997, Cell 89, 239-50; Young et al., 2001, J. Cell Biol. 154, 267- 
73; Neckers, 2002, Trends Molec. Med. 8, S55-S61), whose function is required for a correct 
folding of Src family kinase (Whitesell et al., 1994, Proc. Natl. Acad. Sci. USA 21, 8324-8; Xu 
et al., 1999, Proc. Nad. Acad. Sci. USA 96, 109-14). If a Src family kinase is misfolded due to 
inhibition of this chaperone machinery, it is quickly destined to proteasomal degradation re- 
sulting in a functional knock-down of Src family kinase. Indirect inhibitors for example are 
the compounds geldanamycin, 17-AAG and radicicol, known to inhibit the (ATPase of) 
Hsp90, whose chaperone activity is required for a proper folding of Src family kinases 
(among other Hsp90 clients). 

For the method of the invention expression constructs can be generated to enable stable and, 
if necessary, inducible expression of Src family kinase, and mutated Src family kinases, for 
example, the Src family kinase mutants Src-KA, Src-TQ, Src-YF and Src-TQ/YF (abbrevia- 
tions denote single letter amino acid-code, for further information see below) in cells, pre- 
ferred in mammalian cells. 

Therefore, in a preferred embodiment of the invention the nucleic acid which codes for a 
mutated Src family kinase is selected from the group consisting of SEQ ID NOs 1 to 4. 

These sequences relate to mutant derivatives of Src (member of the Src family, see above). 
More precisely, they relate to the mutant derivatives Src-KA, Src-TQ, Src-YF and Src- 
TQ/YF of the Src wildtype expression construct that can be generated according to the in- 
vention. 

In Src-KA lysine298 (K298) (or its analogues of other Src family kinases) of human Src has 
been mutated to alanine (A). K298 is one of the critical "consensus" amino acids in the ATP 
binding site of the tyrosine kinase domain of Src. When K298 is mutated to A, ATP binding 
is abolished and the kinase is completely inactive. The kinase-inactive Src-KA mutant is used 
in one embodiment of this invention as a control for compound-mode-of-action. Com- 
pounds, which have an effect on Src, Src-TQ, Src-YF or Src-TQ/YF expressing cells due to 
direct inhibition of the kinase activity of Src shall not produce any effect in Src-KA express- 
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ing cells. Src-KA or its analogues for other members of the Src family kinases leads to 
"kinase-dead Src" and makes it - in almost all cases - possible to differentiate between com- 
pounds which exert their effect through i) inhibition of Src kinase activity or ii) interaction 
with Src's non-catalytic domains and functions or, indirecdy, affecting Src folding and expres- 
5 sion. 

Any other mutation of a Src or other members of the Src kinase family, which produces the 
same effect as mutant Src-KA may be used instead of Src-KA in order to get the same con- 
clusion as with Src-KA. E.g. the method of the invention may be performed with another Src 
10 kinase family mutant which forms a "kinase-dead" Src (e.g. another mutation in the ATP 
binding site) as well. 

In Src-TQ the threonine341 (T341) (or its analogues of other Src family kinases) of human 
Src is mutated to glutamine (Q). T341 is an amino acid at the ATP binding site, which distdn- 

15 guishes Src family kinases and a few other related tyrosine kinases from the remainder of the 
tyrosine kinases. Therefore, Src-TQ allows to determine the specificity of active, kinase- 
inhibitory compounds for Src and Src-like kinases. The 3D-structure of Src family kinases 
and related tyrosine kinases, like Abl, shows that this threonine residue is a specificity deter- 
minant of these kinases for the binding of classical, specific inhibitors and is important for 

20 inhibitor-kinase-interactions. For instance, the Abl tyrosine kinase inhibitor drug Gleevec® 
(STI571; Novartis, Basel, Switzerland) does not inhibit Abl-TQ, and the classical Src family 
kinase inhibitors PP1 and PP2 do not inhibit Src family kinases when they carry the respec- 
tive TQ mutations. Compounds that bind to the ATP binding site and which exhibit a signifi- 
cant degree of specificity for Src or Src family-related tyrosine kinases will not bind with high 

25 affinity to Src-TQ and will consequently not inhibit its kinase with a potency comparable to 
(wildtype) Src. However, importantly, the Src-TQ mutation (or its analogues for other mem- 
bers of the Src kinase family) does not change the activity of a Src wildtype or hyperactive 
kinase activity (Src-YF) and, therefore, Src-TQ and Src (as well as the pair Src-YF and Src- 
TQ/YF) are indistinguishable otherwise and do display the same activity and produce the 

30 same phenotype. Thus, the Src-TQ mutant or its analogues for other members of the Src 
family kinases makes it possible to differentiate between candidate compounds with respect 
to their binding mode and specificity. 
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Other mutants (mutations at other position of the wildtype) of members of the Src family 
may have the same properties and functional characteristics as Src-TQ and may be used ac- 
cording to the invention as well. 

In Src-YF the tyrosine530 (Y530) (or its analogues of other Src family kinases), which is lo- 
cated in the carboxy-terminal tail of Src, is mutated to phenylalanine (F) resulting in a hyper- 
active form of Src. For a better understanding of this effect, it is necessary to know that Src 
family kinases consist of different domains, as above-mentioned. These domains work to- 
gether to generate a tightly regulated protein tyrosine kinase: Src is composed of an N- 
terminal sequence responsible for membrane-attachment followed by a unique region, a 
kinase domain (Src homology domain 1 (SHI)), connected by a linker sequence to a domain 
that binds phosphotyrosme-containing sequences (SH2), followed by a domain that binds 
proline-rich motifs (SH3) and finally a carboxy-terminal tail containing a regulatory tyrosine 
phosphorylation site (Y530). The kinase activity of Src is mainly controlled by this C-terminal 
tyrosine: When it is phosphorylated (by another kinase, called Csk) pY530 binds to the Src- 
SH2 domain leading to a "closed", inactive conformation of Src which is further stabilized by 
the intramolecular interaction of the SH3 domain with a sequence in the kinase-SH2-linker. 
In a non-transformed intact cell there is usually a balance between the active and the inactive 
conformation of Src (which is determined by other kinases and phosphatases responsible for 
phosphorylation and dephosphorylation of Y530) with the majority of the wildtype Src pro- 
tein normally existing in the inactive form. When Y530 is mutated to F (as in Y530F), Src-YF 
cannot be phosphorylated at this position resulting in a constitutively active (hyperactive) Src 
mutant Besides displaying a higher kinase activity level, Src-YF is qualitatively comparable 
with Src with regard to localization and protein-protein interaction, because it does not con- 
tain any additional mutations, like v-Src. 

Src-YF or its analogues for other members of the Src family kinases leads to a hyperactive Src 
kinase and its expression induces a characteristic phenotype. Other mutants (mutations at 
other position of the wildtype) of members of the Src family may have the same properties 
and functional characteristics as Src-YF and may be used according to the invention as well. 
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Src-TQ/YF (or its analogues for other members of the Src family kinases) shows hyperactive 
(Src-YF)-like activity and has a mutation at the ATP-binding site (see also Src-TQ as ex- 
plained above) in addition to the YF-mutation. In a direct comparison with Src-YF, Src- 
TQ/YF or its analogues for other members of the Src family kinases allows to determine the 
5 specificity of active, kinase-inhibitory compounds for Src and Stc-like kinases. Furthermore, it 
allows to exclude an indirect mode of action of a compound brought about by an inhibitor of 
a downstream signalling mediator of Src. Other mutants (mutations at other position of the 
wildtype) of members of the Src kinase family may have the same properties and functional 
characteristics as Src-TQ/YF and may be used according to the invention as well. 

10 

In conclusion, cellular assays according to the invention have several major advantages over 
in vitro assays based on a purified protein, which are more commonly used for screening 
purposes, since a test compound will only be effective, if it (i) is able to pass the plasma 
membrane of cells, which is a prerequisite for a drug (not testable in in vitro assays), (ii) is not 

15 chemically modified or degraded by any of the enzymes in the intracellular or extracellular 
milieu, (iii) is selective enough to specifically bind to the target protein, which represents just 
one out of >10 5 different proteins present in a typical human cell and/or if it (iv) produces an 
unambiguous biological effect, which results from its specific effect on the target. Whereas 
features (i) — (iii) are features of cell-based assays in general, (iv) is provided for by the nega- 

20 tive, positive and specificity-related controls included in the special integrated set-up of the 
cell-based assay platform of the invention. Furthermore, any compound-induced effect, 
which is not related to a (direct or indirect) inhibition of Src family kinases, like general non- 
target specific toxicity or any other striking side effect on a living cell, preferably a living hu- 
man cell, of this invention can be distinguished from target-specific effects mediated via (di- 

25 rect or indirect) inhibition of Src family kinases by virtue of the inducibility of the target ex- 
pression in the cells or cell lines of this invention. 

Therefore, two levels of the specificity of a compound according to the invention can be dis- 
tinguished: (a) a specificity with regard to general target-independent side effects and toxicity 
30 and (b) a specificity with regard to selectivity in binding to Src family and closely related 
kinases as opposed to non-selective binding. Particularly, the method according to the inven- 
tion using mutated Src family kinases allows to distinguish between different modes of action 
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of compounds, including direct/indkect effects on Src family kinases as well as binding mode 
and specificity of direct Src family kinase inhibitors. 

The nucleic acid coding for a kinase of the Src family or a mutant thereof according to the 
5 invention can be contained in a vector. 

A "vector" according to the invention is an entity which is capable of being introduced or of 
introducing the proteins and/or nucleic acid into a cell. It is preferred that the Src family 
kinases or mutated Src family kinases encoded by the introduced nucleic acid of the invention 
10 are expressed within the cell upon introduction of the vector. The vector can exist separately 
in the cell or can be integrated into the genome of the cell according to the invention. 

In a preferred embodiment the vector of the present invention comprises plasmids, 
phagemids, phages, cosmids, artificial mammalian chromosomes, knock-out or knock-in con- 
1 5 structs, viruses, in particular adenovirus, vaccinia virus, lentivkus (Chang, L.J. and Gay, E.E. 
(20001) Curr. Gene Therap. 1:237-251), Herpes simplex virus (HSV-1, Carlezon, W.A. et al. 
(2000) Crit. Rev. Neurobiol.), baculovirus, retrovirus, adeno-associated-virus (AAV, Carter, 
P.J. and Samulski, R.J. (2000) J. Mol. Med. 6:17-27), rliinovkus, human immune deficiency 
virus (HIV), filovirus and engineered versions thereof (see, for example, Cobinger G. P. et al 
20 (2001) Nat. Biotechnol. 19:225-30), virosomes, "naked" DNA liposomes, and nucleic acid 
coated particles, in particular gold spheres. Particularly preferred are viral vectors like adeno- 
viral vectors or retroviral vectors (Lindemann et al. (1997) Mol. Med. 3:466-76 and Springer 
et al. (1998) Mol. Cell. 2:549-58). Liposomes are usually small unilamellar or multilamellar 
vesicles made of neutral canonic and/or anionic lipids, for example, by ultrasound treatment 
25 of liposomal suspensions. The DNA can, for example, be ionically bound to the surface of 
the liposomes or internally enclosed in the liposome. Suitable lipid mixtures are known in the 
art and comprise, for example, cholesterol, phospholipide like, for example, phosphatidylcho- 
lin (PC), phosphatidylserin (PS) and the like, DOTMA (1, 2-Dioleyloxpropyl-3- 
trimethylammoniumbromid) and DPOE (Dioleoylphosphatidylemanolamin) which both 
30 have been used on a variety of cell lines. 
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A large number of specialized prokaryotic vectors have been described (e.g., plasmids such as 
those capable of replication in E. coli such as, for example, pBR322, ColEl, pSClOl, pACYC 
184, piVX). Such plasmids are, for example, disclosed by Sambrook, J. et al. (In: Molecular 
Cloning, A Laboratory Manual, 2nd Ed., Cold Spring Harbor Press, Cold Spring Harbor, 
N.Y. (1989)). Sambrook, J. et al., herein incorporated by reference, provide a review of the 
characteristics of mammalian vectors. 



For expression in mammalian cells, eukaryotic genes are typically cloned first into a bacterial 
vector and then subcloned into a vector suitable for eukaryotic expression or, preferably, ex- 
pressed by a one step process. Thus, although many vectors have been described that are 
capable of replicating in both prokaryotic and eukaryotic cells, such vectors are designed to 
express a particular inserted polynucleotide in only one class of cell. Such vectors are illus- 
trated, e.g. by U.S. Pat. No. 4,970,155 (Ikasinski, G. F.), which describes a prokaryotic plas- 
mid that contains eukaryotic transcription and replication elements, such that an inserted 
polynucleotide can be expressed only in a eukaryotic ceU. Similarly, U.S. Pat. No. 5,266,490 
(TDavis, S. et al.) describes an expression vector that contains an SV40 origin of replication, a 
eukaryotic transcription unit of the early immediate human cytomegalovirus (CMV) promoter 
region; and a generic polylinker and an SV40 splice/polyadenylation site. The vector also con- 
tains a pBR322 origin of replication and an antibiotic resistance gene under control of a pro- 
karyotic promoter. 

Also known are vectors that are capable of expressing an inserted gene in both prokaryotic 
and eukaryotic cells without any requirement to modify the vector or redone the inserted 
gene. He, B. et al. (Gene 164: 75-79 (1995) described expression vectors that direct the syn- 
thesis of proteins from a common set of signals in both prokaryotic and eukaryotic cells. To 
allow transcription from a common promoter the vectors rely upon a phage RNA poly- 
merase. To direct initiation of translation to the same start codon the vectors utilize an inter- 
nal ribosome entry site from encephalomyocarditis virus that has been modified to include a 
prokaryotic ribosome-binding site at an appropriate distance upstream from the desired start 
codon. Mole, S. E. et al. (Nucl. Acids Res. 15: 9090 (1987) describe pSEMCatRl, a prokary- 
otic-eukaryotic shuttle vector compatible with pUR and lambda gtll expression systems. 
Kaehler, R et al. (DD 206791) discuss a hybrid expression vector which contains prokaryotic 
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and eukaryotic control units directly connected to the sequence being expressed. Alting-Mees, 
M. A. (Strategies 5:58-61 (1992) describes the Strat a gene(R) vector pBK-CMV, which is in- 
tended to be suitable for gene expression in both prokaryotes and eukaryotes. However, 
genes cloned into pBK-CMV are expressed only inefficiently in eukaryotic cells. 

"Expression vectors" within the meaning of the invention are vectors that are capable of me- 
diating the expression of a nucleic acid. Preferred expression vectors according to the inven- 
tion are e.g. pcDNA4/TO, PcDNA3-derivatives, pcDNA5/TO. Further examples are 
pGene/V5-His, pVg RXR and pIND-based inducible expression vectors. 



10 



For the expression constructs according to the invention, the pcDNA4/TO (Invitrogen, 
Carlsbad CA, USA) can be chosen as a preferred expression vector. This vector carries a tet- 
operator sequence enabling tetracycline (tet)-inducible expression in cells, preferably mamma- 
lian cells, of the desired transgene, whose nucleic acid, cDNA, has been cloned into its poly- 
15 linker. The vector also contains a zeocin resistance gene which allows selection for stably 
transfected cells with the antibiotic zeocin (zeo). In various experiments of the invention, the 
human Src cDNA was cloned (directed) into the EcoRI restriction site of the vector's poly- 
linker.In a preferred embodiment the expression of the nucleic acid of the expression con- 
struct is induced by adding tetracycline. Preferably, the induced expression causes an overex- 
20 pression of the nucleic acid in the transfected cells. 

In a preferred embodiment, the cell according to the invention is a cell line. 

In another preferred embodiment the cell is an eukaryotic cell, preferably a vertebrate cell, 
25 more preferably a mammalian cell, most preferably a human cell. 

In a further preferred embodiment the cell or cell line to be used in an assay system according 
to the invention is (a) an immortalised cell/cell line or (b) a tumor cell/cell line or (c) a lym- 
phoid cell/cell line. For example, a cell or cell line to be used is a 32 Dar BAF cell (lymphoid); 
30 HL-60 K-562 or other leukaemia cells/cell lines; HCT116, HCT-15, HT-29 or other colon 
carcinoma cells/cell lines; SKOV-3, OVCAR-3, OVCAR-4, OVCAR-5, OVCAR-8 or other 
ovarian carcinoma cells/cell lines or epithelial cell/cell lines like HeLa, HEK 293. 



20 



In one particularly preferred embodiment the expression constructs were trans fee ted in the 
"293/TREx" cell line. This cell line is derived from the human embryonic kidney epithelial 
cell line "HEK293", which is widely used in many laboratories. Its epithelial nature, which it 
5 shares with most (solid) cancers makes it an appropriate and relevant cellular system in the 
area of oncology. 293/TREx cells are preferred, because they are cells which stably express a 
so-called tet-repressor protein, which is able to block expression from a tet-operator- 
containing expression plasmid, e.g. pcDNA4/TO. When tet is added to the cells, it binds to 
the repressor, which changes the repressor conformation resulting in its release from the tet- 
10 operator and onset of expression, typically overexpression. Those cells can be cultivated in 
the presence of the antibiotic blasticidin in order to keep the selection pressure on repressor 
expression. 



In general according to the invention, any system which allows to express or more preferably 
to overexpress the target protein(s), e.g kinases of the Src family or their mutants, preferably 
in an inducible form, is preferably employed to perform the method according to the inven- 
tion. As disclosed above the induction of the system is generally achieved by pro- 
moter/ repressor combinations of the expression vector. While there are a number of mecha- 
nisms known in the art to switch on gene expression by changing the environment conditions 
(e.g. heat shock induction), which may be employed for the present invention, it is preferred 
to induce the system by addition of substances which, e.g. deactivate the repression of gene 
transcription or induce expression by other mechanisms, like tetracycline, mifepristone, po- 
nasteroneA or muristeroneA. 



According to another preferred embodiment the phenotype change is determined by qualita- 
tive and/or quantitative analysis. 

In a particularly preferred embodiment the phenotype change is determined by assessing one 
or more parameters of the cellular phenotype, e.g. the viability, cell death rate, growth proper- 
ties, proliferation, upon contacting a compound to be tested with the cells or cell lines accord- 
ing to a method of the invention. The phenotype parameters) are measured and compared 
with the phenotype (e.g. viability or any other parameter) of said cell before addition of the 
compound, whereby a difference in the phenotype (e.g. viability or any other other parameter) 
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of said cell indicates that the compound to be tested modulates the activity of a Src family 
kinase. 

A qualitative analysis as well as the determination of changes in the cellular phenotype, e.g. 
viability, according to the invention can be carried out by visual inspection (eventually using a 
microscope) of the cell. Thereby, particularly the cell morphology, growth characteristics 
and/or distribution of the cells with and without addition of the test compound are scruti- 
nized. This allows to get qualitative and semi-quantitative information about the effects of 
test compounds based on a biological readout (phenotype), which results from the activity (or 
e.g. suppression of activity induced by a test compound) of Src family kinase and mutated Src 
family kinase in a transfected cell (as compared to the phenotype without addition of the test 
compound). Control experiments using transfected cells, which are not triggered to overex- 
press the Src kinases or their mutants, are preferably employed (either with addition of the 
test compound or without the addition of a test compound) to avoid any artefacts. 



A quantitative analysis as well as the determination of changes in the phenotype according to 
the invention can be measured by several methods and various parameters. The complex 
phenotypes that can be observed upon Src family kinase/ Src family kinase mutant induction 
according to the invention, may include changes in e.g. 1) viability, 2) prohferation, 3) cell 
20 death and 4) morphology/ growth properties (evenly distributed, aggregating). These changes 
can be quantitatively determined by using reference measurements which allow to calculate 
reference values. 

A number of assays or systems for the measurement of these parameters are known in the 
25 art. Some of these measurements are specified by the web pages 
www.promega.com/tbs/cellprohf.htm or www.biochem.roche.com. In general, the final 
readouts can be colorimetric- (i.e. absorbance-), luminescence- or fluorescence-based. 



Some of these known methods are mentioned in the following: 

30 

Cell Viability methods 

Most viability assays are based on the measurement of either 
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a) Metabolic activity or 

b) Cell membrane integrity. 

a) Metabolic activity is usually detected in cells via incubation with tetrazolium salts, e.g. 
5 MTT, XTT, WST-1, MTS, which are cleaved into a water-soluble, colored formazan 

product by metabolically active cells. Kits to perform such assays are available form com- 
panies like Roche (Basel, Switzerland), Promega (Madison, WI, USA) and many others. 
As an example, in the "CellTiter96 AQueous One Solution Cell Proliferation Assay 
(MTS) 7 ' from Promega, the colored formazan product of the bioreduced tetrazolium 
1 0 compound MTS (3-(4,5-dimethyltMazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4- 

sulfophenyl)-2H-tetrazotium) can be quantitatively detected at the wavelength of 490nm 
(absorbance) in a plate reader. 

Another method is based on the ability of viable cells to convert a redox dye (resazurin) 
15 into a fluorescent end product (resorufin). Viable cells retain the ability to reduce resazu- 

rin to resorufin, whereas nonviable/ dead cells rapidly loose metabolic capacity, do not 
reduce the indicator dye, and thus do not generate a fluorescent signal. This method is 
employed by the "CeUTiter-Blue™ Assay" from Promega. Results obtained by the above 
described assays are further described in the examples. 

20 

The ATP status of cells can also be analyzed by homogenous assay types and provides for 
a quantitative measure of cellular energy capacity and thus viability. Several companies in- 
cluding Perkin Elmer (Wellesley, MA, USA) or Promega provide kits for such assays. Re- 
sults obtained by using the "CellTiter-Glo Luminescent Cell Viability Assay" (Promega) 
25 are discussed in the examples. 

b) In healthy cells with uncompromised plasmamembrane integrity dyes such as trypan blue 
are excluded while dead or dying/damaged cells are stained and can be counted. Leaky cy- 
toplasmic membranes as a measure for loss of cell viability can also be detected by meas- 

30 uring the release of molecules, like lactate dehydrogenase (LDH) or 51 Cr from dying cells 

into the culture medium. 
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C.eW Proliferation Methods 

While the cell viability methods mentioned under a) above can to some extent also be used to 
determine cell proliferation, the most prominent and accurate parameter for analyzing cell 
proliferation is the measurement of DNA synthesis as a specific marker for replication, which 
5 in turn is a prerequisite for cell proliferation. Labeled DNA precursors, like 'H-thymidine or 
5-bromo-2'-deoxyridine (BrdU), are added to the cells and their incorporation into genomic 
DNA is quantified following incubation and sample preparation. The amount of incorporated 
label is proportional to the rate of cell division (proliferation). >H-mymidine, BrdU and assay 
kits using these markers are available from many companies like Roche and BD Bioscxences 
10 (Franklin Lanes, NJ, USA). 

Indirect measurements of probation include Western-blot-or ELISA-based protein analysis 
of molecules -by quantity or activity- which regulate the cell cycle, like cyclin-dependent 
kinases. 
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Cell Death 

There are two major ways a cell can die: Necrosis or apoptosis (i.e. programmed cell death). 
For both processes, and to distinguish these two processes, there is a number of various assay 
types available, including DNA-fragmentation- (so-called "TUNEL"-) assays, western-blot- 
or ELISA-based analysis of active caspases, which are the executioner proteases of the apop- 
tosis pathways, or their cleavage products Qike PARP), AnnexinV staining of translocated, 
outer membrane-exposed phosphatidylsetine, time-course-dependent ATP determinates, 
determination of the proteolytic activity of one or more caspases and intracellular starmng 
with DNA-binding dyes. Many companies provide compounds or kits for such assays, includ- 
ing Roche (Basel, Switzerland), Alexis Corp. (Lausen, Switzerland), Limitech (Montreal, CA), 
Pt omega, Perkin Elmer, Molecular Probes and others. 



r.p.11 morphology and gro^rtVi characteristics 

Those are difficult-to-quantify parameters. This aspect of the phenotype changes is obvious 
30 when examined by eye/microscope. Nevertheless, the evaluation of phenotype changes by 
eye can suffer from being i) inherently subjective, ii) qualitative or semi-quantitative instead of 
quantitative, iii) unsuitable for medium- or high throughput screening of compounds. 
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A quantitative evaluation can be realized by use of appropriate live cell image analysis soft- 
ware applications, as is e.g. available from Visitron System GmbH (Puchheim, Germany), 
which use special algorithms to detect and quantify parameters associated with and quantita- 
tively reflecting individual cell morphology and overall growth property changes. To meet the 
requirements of a high throughput screening, a person skilled in the art can combine a suit- 
able image analysis program with a fully motorized microscope; such a setup can automati- 
cally record and analyze images of each well of a microliter plate transforming them into 
quantitative parameters. Special features, like an incubator-equipped microscope stage, which 
controls temperature and C0 2 level, allows the long-term and kinetic analysis of live cell phe- 
notypic changes. 

The invention also relates to a compound or a pharmaceutically acceptable derivative thereof 
identified, selected and/or characterized by a method of the invention. Preferably, this com- 
pound is obtained or obtainable by a method of the invention. Preferably, this compound is 
suitable for the treatment of diseases, which are at least in part caused by a Src family kinase. 

A "pharmaceutically acceptable derivative" of a compound according to the invention relates 
to any non-toxic salt, ester, salt of an ester or other derivative of a compound of this inven- 
tion that, upon administration to a recipient, is capable of providing, either direcdy or indi- 
rectly, a compound of this invention or an inhibitorily active metabolite or residue thereof. 
Pharmaceutically acceptable salts of the compounds of this invention include those derived 
from pharmaceutically acceptable inorganic and organic acids and bases. 

"Diseases, which are at least in part caused by a Src family kinase" according to the invention 
mean any diseases or other deleterious condition in which at least one Src family kinase is 
known or will be known to play a role. Accordingly, the compounds of the invention are use- 
ful for treating diseases or conditions that are known to be affected by the activity of one or 
more Src-family kinases. 

The invention also relates to the use of a compound or a pharmaceutically acceptable deriva- 
tive thereof according to the invention for the production of a medicament for the treatment 
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of diseases, which ate at least in part caused by a Src family kinase, preferably cancer, hyper- 
calcemia, restenosis, osteoporosis, osteoarthritis, symptomatic treatment of bone metastasis, 
rheumatoid arthritis, inflammatory bowel disease, multiple sclerosis, psoriasis, lupus, graft vs. 
host disease, T-cell mediated hypersensitivity disease, Hashimoto's thyroiditis, Guillain-Barre 
5 syndrome, chronic obtructive pulmonary disorder, contact dermatitis, Paget's disease, asthma, 
ischemic or reperfusion injury, allergic disease, atopic dermatitis or allergic rhinitis. 

Furthermore, the invention also relates to a pharmaceutical composition for the treatment of 
diseases (or for manufacturing drugs for the treatment of diseases), which are at least in part 
10 caused by a Src family kinase comprising a compound or a pharmaceutically acceptable de- 
rivative thereof identified, selected and/or characterized by the method of the invention and a 
pharmaceutically acceptable carrier, adjuvant or vehicle. Preferably, these diseases include 
cancer, hypercalcemia, restenosis, osteoporosis, osteoarthritis, symptomatic treatment of bone 
metastasis, rheumatoid arthritis, inflammatory bowel disease, multiple sclerosis, psoriasis, 
15 lupus, graft vs. host disease, T-cell mediated hypersensitivity disease, Hashimoto's thyroiditis, 
Guillain-Barre syndrome, chronic obtructive pulmonary disorder, contact dermatitis, Paget's 
disease, asthma, ischemic or reperfusion injury, allergic disease, atopic dermatitis or allergic 
thinitis. 

20 Preferably, the compounds and/or pharmaceutical compositions according to the invention 
or identified by methods according to the invention are administered for the treatment of 
various forms of non-solid and solid cancers. Examples for cancers which can be treated by 
the compounds and/or pharmaceutical compositions according to the invention are Hodgkin 
lymphoma, non-Hodgkin lymphoma, histocytic lymphoma, cancers of the brain (glioblas- 

25 tomas), ovarian, genitourinary tract, colon, liver, colorectal tract, pancreas, breast, prostate, 
lymphatic system, stomach, larynx and lung, including lung adenocarcinoma and small cell 
lung cancer and/or skin, e.g. melanoma or non-melanoma skin cancer, including basal cell 
and squamous cell carcinomas. 

30 A "pharmaceutically acceptable carrier, adjuvant, or vehicle" according to the invention refers 
to a non-toxic carrier, adjuvant or vehicle that does not destroy the pharmacological activity 
of the compound with which it is formulated. Pharmaceutically acceptable carriers, adjuvants 
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ot vehicles that may be used in the compositions of this invention include, but are not limited 
to, ion exchangers, alumina, aluminum stearate, lecithin, serum proteins, such as human se- 
rum albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium sorbate, 
partial glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such as 
5 protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium 
chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose- 
based substances, polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, waxes, 
polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool fat. 

10 The pharmaceutical compositions of the present invention may be administered orally, par- 
enterally, by inhalation spray, topically, rectally, nasally, buccally, vaginally or via an implanted 
reservoir. 



The term "parenteral" as used herein includes subcutaneous, intravenous, intramuscular, in- 
15 tra-articulat, intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional and intracranial 
injection or infusion techniques. Preferably, the compositions are administered orally, intrap- 
eritoneally or intravenously. Sterile injectable forms of the compositions of this invention may 
be aqueous or oleaginous suspension. These suspensions may be formulated according to 
techniques known in the art using suitable dispersing or wetting agents and suspending 
20 agents. The sterile injectable preparation may also be a sterile injectable solution or suspen- 
sion in a non-toxic parenterally-accep table diluent or solvent, for example as a solution in 1,3- 
butanediol. Among the acceptable vehicles and solvents that may be employed are water, 
Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are 
conventionally employed as a solvent or suspending medium. 

25 

For this purpose, any bland fixed oil may be employed including synthetic mono- or di- 
glycerides. Fatty acids, such as oleic acid and its glyceride derivatives are useful in the prepara- 
tion of injec tables, as are natural pharmaceutically-acceptable oils, such as olive oil or castor 
oil, especially in their polyoxyethylated versions. These oil solutions or suspensions may also 
30 contain a long-chain alcohol diluent or dispersant, such as carboxymethyl cellulose or similar 
dispersing agents that are commonly used in the formulation of pharmaceutical^ acceptable 
dosage forms including emulsions and suspensions. Other commonly used surfactants, such 
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as Tweens, Spans and other emulsifying agents or bioavailability enhancers which are com- 
monly used in the manufacture of pharmaceutically acceptable solid, liquid, or other dosage 
forms may also be used for the purposes of formulation. 

5 The pharmaceutical^ acceptable compositions of this invention may be orally administered in 
any orally acceptable dosage form including, but not limited to, capsules, tablets, aqueous 
suspensions or solutions. In the case of tablets for oral use, carriers commonly used include 
lactose and corn starch. Lubricating agents, such as magnesium stearate, are also typically 
added. For oral administration in a capsule form, useful diluents include lactose and dried 

10 cornstarch. When aqueous suspensions are required for oral use, the active ingredient is com- 
bined with emulsifying and suspending agents. If desired, certain sweetening, flavouring or 
colouring agents may also be added. 

Alternatively, the pharmaceutically acceptable compositions of this invention may be adminis- 
15 tered in the form of suppositories for rectal aclministration. These can be prepared by mixing 
the agent with a suitable non-irritating excipient that is solid at room temperature but liquid at 
rectal temperature and therefore will melt in the rectum to release the drug. Such materials 
include cocoa butter, beeswax and polyethylene glycols. 

20 The pharmaceutically acceptable compositions of this invention may also be administered 
topically, especially when the target of treatment includes areas or organs readily accessible by 
topical application, including diseases of the eye, the skin, or the lower intestinal tract. Suit- 
able topical formulations are readily prepared for each of these areas or organs. 

25 Topical application for the lower intestinal tract can be effected in a rectal suppository formu- 
lation (see above) or in a suitable enema formulation. Topically-transdermal patches may also 
be used. 
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For topical applications, the pharmaceutically acceptable compositions may be formulated in 
a suitable ointment containing the active component suspended or dissolved in one or more 
carriers. Carriers for topical administration of the compounds of this invention include, but 
are not limited to, mineral oil, liquid petrolatum, white petrolatum, propylene glycol, poly- 
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oxyethylene, polyoxypropylene compound, emulsifying wax and water. Alternatively, the 
pharmaceutically acceptable compositions can be formulated in a suitable lotion or cream 
containing the active components suspended or dissolved in one or more pharmaceutically 
acceptable carriers. Suitable carriers include, but are not limited to, mineral oil, sorbitan 
5 monostearate, polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl 
alcohol and water. 

For ophthalmic use, the pharmaceutically acceptable compositions may be formulated as mi- 
cronized suspensions in isotonic, pH adjusted sterile saline, or, preferably, as solutions in iso- 
10 tonic, pH adjusted sterile saline, either with or without a preservative such as benzylalkonium 
chloride. Alternatively, for ophthalmic uses, the pharmaceutically acceptable compositions 
may be formulated in an ointment such as petrolatum. 

The pharmaceutically acceptable compositions of this invention may also be administered by 
15 nasal aerosol or inhalation. Such compositions are prepared according to techniques well- 
known in the art of pharmaceutical formulation and may be prepared as solutions in saline, 
employing benzyl alcohol or other suitable preservatives, absorption promoters to enhance 
bioavailability, fluorocarbons, and/ or other conventional solubilizing or dispersing agents. 

20 Most preferably, the pharmaceutically acceptable compositions of this invention are formu- 
lated for oral administration. 

The amount of the compounds of the present invention that may be combined with the car- 
rier materials to produce a composition in a single dosage form will vary depending upon the 
25 host treated, the particular mode of administration. Preferably, the compositions should be 
formulated so that a dosage of between 0.01-100 mg/kg body weight/day of the inhibitor can 
be administered to a patient receiving these compositions. Preferred dosages range from 0.1 — 
5 mg/kg body weight/day, even further preferred dosages from 1-5 mg/kg body 
weigh t/day. 

30 

It has to be noted that a specific dosage and treatment regimen for any particular patient will 
depend upon a variety of factors, including the activity of the specific compound employed, 
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the age, body weight, general health, sex, diet, time of administration, rate of excretion, drug 
combination, and the judgment of the treating physician and the severity of the particular 
disease being treated. The amount of a compound of the present invention in the composi- 
tion will also depend upon the particular compound in the composition. 

The following figures and examples are thought to illustrate the invention and should not be 
construed to limit the scope of the invention thereon. All references cited by the disclosure of 
the present application are hereby incorporated in their entirety by reference. 



10 Figures 

Fig 1 shows the inducible expression levels of different cell lines. More exact, it shows stable 
inducible expression of Src (ZM75), Sre=KA (ZM76), Src^TQ (ZM78), Src^F (ZM77) 
and Sff-TO/YF (ZM170) in some of the 293/TREx cell lines. (ZM74.6: control cell kne, 
15 does not express any Src). The cells were incubated with 2ug/ml tetracycline or not (+/-tet) 
for 24h prior to lysis. Lysates were subjected to SDS polyacrylamide gel electrophoresis and 
anti-Src Western blotting. The Src proteins are clearly expressed upon tet induction, whereas 
there is no or very little Src expression without tet (the little expression may be an artifact due 
to a minor proportion of +tet-lysates, unintentionally loaded into the neighbouring -tet 
20 lanes). 

Fig. 2 a-f shows phenotypes of Src expressing ZM75.poly cell line incubated in serum-free 
medium for 1 day (a,b), 2 days (c, d) and 3 days (e, f) in the absence (a, c, e) or presence (b, d, 
f) of tet. Phenotype changes upon Src expression induction: a->b; c-*d; e-^f. 
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Fig. 3 a, b shows phenotypes of Sf£ expressing ZM75.7 cell line incubated in serum-free 
medium for 2 days without (a) or with (b) tet. 

Fig. 4 a-d shows phenotypes of Src-KA expressing ZM76.poly cell line incubated in serum- 
30 containing medium incL EGF (lOOng/ml) for 1 day (a, b) and 2 days (c, d) without (a, c) or 
with tet (b, d). Phenotype changes upon Src expression induction: a-»b; c-»d. 
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Fig. 5 a, b shows phenotypes of Src-KA expressing ZM76.3 cell line incubated in serum- 
containing medium incL EGF (lOOng/ml) for 2days without (a) or with (b) tet. 

Fig. 6 a, b shows phenotypes of Src-YF expressing ZM77.poly cell line incubated in serum- 
5 containing medium for Iday without (a) or with (b) tet. 

Fig. 7 a, b shows phenotypes of Src-TO expressing ZM78.poly cell line incubated in serum- 
free medium for 2 days without (a) or with (b) tet. 

10 Fig. 8 a, b shows phenotypes of Src-TO /YF expressing ZM170.21 cell line incubated in 
serum-containing medium for lOh without (a) or with (b) tet. 

Fig. 9 a-d, g-o shows phenotypes of Src-YF expressing ZM77.poly cell line incubated in 
serum-containing medium for Iday without (a, c, g, i, 1) or with (b, d, h, j, k, m, n, o) tet and 
15 with the following drugs: lOuM PPl-Chr. (c, d), 5uM SU6656 (g, h), luM PP2 (j), 5uM PP2 
(i, k), 2uM D5 (m), lOuM D5 (n), 40uM D5 (1, o) or vehicle (0.2% DMSO; (a, b)) as indi- 
cated on the images. 

Fig. 9 p shows the structure of Src-specific inhibitors used for proof-of-principle experi- 
20 ments. 

Fig. 10 a-e shows phenotypes of Src expressing ZM75.7 cell line incubated in serum-free 
medium for 2 days without (a) or with (b-e) tet and with lOuM PPl-Chr. (c), 5uM PP2 (d), 
luM PP2 (e) or vehicle (0.2% DMSO; (a, b)). 

25 

Fig. 11 a-j shows phenotypes of Src-KA expressing ZM76.3 cell line incubated in serum- 
containing medium +EGF (lOOng/ml) for 1.5 days without (a, c, e, g, i) or with (b, d, f, h, j) 
tet and with the following drugs: lOuM PPl-Chr.+ 5uM PP2 (c, d), 40uM D5 (e, £), luM 17- 
AAG (g, h), luM Radicicol (i, j) or vehicle (0.2% DMSO; (a, b)). 

30 

Fig. 12 a-j shows phenotypes of Src-TO /YF expressing ZM170.21 cell line incubated in 
serum-containing medium for lOh without (a, c, e, g, i) or with (b, d, f, h, j) tet and with the 
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following drugs: lOuM PPl-Chr.+ 5uM PP2 (c, d), 40uM D5 (e, f), luM 17-AAG (g, h), luM 
Radicicol (i, j) or vehicle (0.2% DMSO; „-" (a, b)). 

Fig. 13 a-i shows phenotypes of Src-YF expressing ZM77.8 cell line incubated in serum- 
5 containing medium for lOh without (a, c, e, g, i) or with (b, d, f, h, j) tet and with the follow- 
ing drugs: lOuM PPl-Chr.+ 5uM PP2 (c, d), 40uM D5 (e, f), luM 17-AAG (g, h), luM 
Radicicol (i, j) or vehicle (0.2% DMSO; „-" (a, b)). 

Fig. 14 a-d, g-k shows phenotypes of Stc-YF expressing ZM77.poly cell line incubated in 
10 suspension (Ultralow Attachment Plates) in serum-containing medium for 2 days without (a, 
c, g, i, k) or with (b, d, h, j, 1, m, n) tet and the following drugs: lOuM PPl-Chr. (c, d); 5uM 
SU6656 (g, h); 5uM PP2 (i, j); 2uM D5 (I), 10uM D5 (m) 5 40uM D5 (k, n) s or vehicle (0.2% 
DMSO; „-" (a, b)). 

15 Fig. 14 a, b shows magnified insets of the cell aggregates show (a) the smooth surface charac- 
teristic for the ,,-tet-phenotype" and (b) the disintegration of the aggregate^) into a loose 
mass of cells characteristic for the „+tet-phenotype", i.e. full Src activity 

Fig.14 c, d shows magnified inset of the cell aggregate surface: (c) a smooth surface is charac- 
20 teristic for the „-tet-phenotype« (no Src activity); (d) increasingly „rough« surface correlates 
with increasing Src activity, „+tet-phenotype". 

Fig.14 g, h shows magnified inset of the cell aggregate surface: (g) a smooth surface is char- 
acteristic for the ,,-tet-phenotype" (no Src activity); (h) increasingly „rough" surface corre- 
25 lates with increasing Src activity, ,,+tet-phenotype". 

Fig.14 i, i shows magnified inset of the cell aggregate surface: (i) a smooth surface is charac- 
teristic for the ,,-tet-phenotype" (no Src activity); 0) increasingly „rough" surface correlates 
with increasing Src activity, ,,+tet-phenotype". 

30 
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Fig. 14 k, 1 shows magnified inset of the cell aggregate surface: (k) a smooth surface is charac- 
teristic for the ,,-tet-phenotype" (no Src activity); (1) increasingly „rough" surface correlates 
with increasing Src activity, ,,-t-tet-phenotype". 

5 Fig. 14 m shows magnified inset of the cell aggregate surface: an increasingly „rough" surface 
correlates with increasing Src activity, ,,+tet-phenotype" (in comparison with Fig. 14 k). 

Fig.14 n shows magnified inset of the cell aggregate surface: an increasingly „rough" surface 
correlates with increasing Src activity, ,,+tet-phenotype" (in comparison with Fig. 14 k). 

10 

Fig. 15 a, b shows graphic display of the data from Tab.4 (Fig. 21) obtained for cell lines 
ZM77.8 (Src-YF) (Fig. 15 a) and ZM170.21 (Src-TQ/YF) (Fig. 15 b). The columns reflect 
the relative cell viability /metabolic activity values 4-/-tet(means) of Tab.4. The numbers on 
top of the respective first (left) columns (no compound) are the corresponding Z € values 
15 (concerning the numbers 0.73, 0.75 and 0.85 in Fig. 15 a; the numbers 0.67, 0.85 and 0.85 in 
Fig. 15 b). The italic numbers on top of the respective other columns (compounds) are the 
corresponding Z' (suppression) values. 

The cells were incubated with the following compounds: first (left) columns, respectively: no 
20 compound (vehicle DSMO); second columns, respectively. 5uM PP2 + 10uMPPl-Chr.; third 
columns, respectively: 40uM D5; fourth columns, respectively: luM 17-AAG; fifth columns, 
respectively: luM Radicol. 

Fig. 16 a-j shows phenotypes of Src-TQ/YF expressing ZM170.21 cell line incubated in 
25 suspension (Ultralow Attachment Plates) in serum-containing medium for 1 day without tet 
(a,c, e, g, i) or with tet (b, d, f, h, j) and the following drugs: lOuM PPl-Chr. + 5uM PP2 (c, 
d); 40uM D5 (e, €); luM Radicicol (g, h); luM 17-AAG (i, j) or vehicle (0.2% DMSO; (a, 
b)). 



30 Fig. 17 shows phenotypes of ZM74.6 control cell line incubated in serum-free medium for 
1 day in the absence (a) or presence (b) of tet. 
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Fig. 18 shows an alignment of the sequences of the different members of the Src family: Src, 
Yes, Fyn, Yrk, Fgr, Hck, Lyn, Lck and Blk. All sequences are human, except Yrk which is 
from chicken. The kinase domain SHI, the domain SH2 which binds phosphotyrosine- 
containing sequences and the domain SH3 which binds proline-rich motifs are marked. The 

5 position of the constant amino acids K and T in the domain SH2 and Y in the domain SHI 
are each identified in parenthesis for the different members of the Src family. It can be seen, 
that for example the Src kinase mutant Src-K298A, as described above, corresponds to the 
Yes kinase mutant Yes-K305A, the Fyn kinase mutant Fyn-K299A, the Yrk kinase mutant 
Yrk-K298A, the Fgr kinase mutant Fgr-K291A, the Hck kinase mutant Hck-K289A, the Lyn 

10 kinase mutant Lyn-K275A, the Lck kinase mutant Lck-K273A and the Blk kinase mutant 
Blk-K269A. 

Fig. 19 shows table 2 which summaries results from MTS and ATP assays. Cell lines 
ZM75.7 (Src), ZM76.3 (Src^KA), ZM77.2 (Src-YF) and ZM77.8 (gtc^YE), were tested for 
1 5 their reduction of cell viability/metabolic activity upon tet-induction. 

The indicated cell lines were grown in 96wells under their optimal growth conditions (see 
below, example 3). As a variation some cell lines were also seeded at 50% lower density (low 
dens.). One day after seeding cells were incubated with or without tet. Cell viability was meas- 
ured 1 day, 2 days, and 3 days later using a Victor2 plate reader in the absorption mode (MTS 
20 assay) or the luminescence mode (ATP assay). In the MTS assay the cells were measured lh 
and 4h after addition of the assay reagens. Ratios of cell viabilities with/without tet and the 
corresponding Z' values are indicated in bold type. SD (standard deviation). 

Fig. 20 shows table 3 which summarizes results from analogous assays (MTS and ATP as- 
25 says), in which the cell lines ZM77.8 (Src-YF) , ZM75.7 (Src) and ZM76.3 (Src^A) were 
used to evaluate the effects of test compounds PPl-Chr. and PP2 and of the newly identified 
compound "D5» with respect to their ability to suppress the tet-induced reduction in cell 
viability/metabolic activity. 

30 The indicated cell lines were grown in 96wells under their optimal growth conditions (see 
below, example 3). In one case (suspens.), cells were grown in suspension in ultralow adhe- 
sion plates. One day after seeding cells were incubated with or without tet and with the indi- 
cated compounds at the indicated concentrations or vehicle (0.2% DMSO). Cell viability was 
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measured 1 day, 2 days, and 3 days later using a Victor2 plate reader in the absorption mode 
(MTS assay) or the luminescence mode (ATP assay). In the MTS assay the cells were meas- 
ured 4h after addition of the assay reagens. Ratios of cell viabilities with /without tet and the 
corresponding Z' values are indicated in bold type. SD (standard deviation). Toxicity of the 
5 compounds (1 - mean(-tet,(DMSO))/mean(-tet,compound)) is indicated for each cell line. 
Suppression values reflect the capability of the compounds to suppress the tet-induced reduc- 
tion of cell viability and are indicated in bold type together with the corresponding Z 1 (sup- 
pression) values. 

10 

Fig. 21 shows table 4 which shows data obtained from the CTB assay and in comparison, 
with the ATP assay. 

The indicated cell lines were grown in 9 6 wells under their optimal growth conditions (see 
15 below, example 3). One day after seeding cells were incubated with or without tet and with 
the indicated compounds at the indicated concentrations or vehicle (0.2% DMSO). Cell vi- 
ability was measured 1 day, 2 days, and 3 days later using a Victor2 plate reader in the fluores- 
cence mode (CTB assay) or the luminescence mode (ATP assay). In the CTB assay the cells 
were measured 1, 2, 3 or 4h after addition of the assay reagens. Ratios of cell viabilities 
20 with/without tet and the corresponding Z r values are indicated in bold type. SD (standard 
deviation). Toxicity of the compounds (1 - mean(-tet,(DMSO))/mean(-tet,compound)) is 
indicated for each cell line. Suppression values reflect the effects of the compounds to sup- 
press the tet-induced reduction of cell viability and are indicated in bold type together with 
the corresponding Z 1 (suppression) values. 

25 

The following examples do not limit the scope of the present invention. 
Examples 

30 Inter alia proof-of-principle experiments are provided, in which the following two classes of 
compounds are tested: (i) compounds, which directly inhibit the tyrosine kinase of Src (direct 
inhibitors), and (ii) compounds which inhibit the Hsp90 chaperone system, on which Src de- 
pends for proper folding, thereby causing Src degradation (indirect inhibitors). 
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As result, it follows that this assay platform can be used for the identification of compounds 
which directly inhibit Src activity as well as of compounds which interfere with the Hsp90 
chaperone system. 

Example 1 - Generating of expression constructs for Src and the Src mutants Src-KA, 
Src-TQ, Src-YF, Src-TQ/YF 

Expression constructs have been generated to enable stable and inducible expression of Src 
kinase, and the Src kinase mutants Src-KA, Src-TQ, Src-YF and Src-TQ/YF (abbreviations 
denote single letter amino acid-code) in mammalian cells. 

pcDNA4/TO (Invitrogen) was chosen as expression vector. The features of this vector are 
already described above. 

The following mutant derivatives of the Src wildtype expression construct were generated. 
This has been achieved by means of site-directed mutagenesis using the "QuickChange Site- 
Directed Mutagenesis Kit" (cat.no. 200519, Stratagene, La Lolla, CA, USA) according to the 
protocol of the manufacturer and the following oligonucleotides: 

Src-K298A: 5'-CCAGGGTGGCCATCGCCACCCTGAAGCCTGGCAC-3' (sense) and 
5'-GTGCCAGGCTTCAGGGTGGCGATGGCCACCCTGG-3' (antisense); 

Src-T341Q: 5'- CCATTTACATCGTCCAGGAGTACATGAGCAAG-3' (sense) and 
5'-CTTGCTCATGTACTCCTGGACGATGTAAATGG-3' (antisense); 

Src-Y530F: 5'-CCACCGAGCCCCAGTTCCAGCCCGGGGAG-3' (sense) and 
5'- CTCCCCGGGCTGGAACTGGGGCTCGGTGG-3' (antisense). 



g^-T(^di )O/vr530^F : combination of Src-T341Q and Src-Y530F 
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Example 2 — Generation and Biochemical Characterization of Human Cell Lines 
Stably Inducibly Expressing Src/ Src Mutants 



The above described expression constructs were transfected into the "293/TREx" cell line 
5 (Invitrogen) using FuGENE (Roche, Basel, Switzerland) or Effectene (Qiagen) trans fection 
reagents according to the manufacturers' protocols. 

Cells are cultivated at standard incubator conditions (37°C, 5% C0 2 / humidified atmosphere) 
on standard cell culture plastic plates/ multiwell plates (Nunc, Roskilde, Denmark) in growth 
10 medium (DMEM (Gibco/ Invitrogen, cat.no. 61965-026), 10% FBS (Biochrom, cat.no. 
SOU 5, Lot No. 521 A), 1% sodium pyruvate (Gibco, cat.no. 11360-039)) in the presence of 
the antibiotic blasticidin (5jng/ml) in order to keep the selection pressure on tet-repressor 
expression. 

15 24 hrs after transfection of the 293/TREx cells with the inducible Src/ Src mutant expression 
constructs, zeo (cat.no. R-250-1, Invitrogen, Carlsbad, CA, USA) was included into the 
growth medium (250 jag/ml) for selection. Successfully transfected cells, which have stably 
integrated the transfected DNAs into the genome and which express the resistance gene, are 
resistant to zeo; all other cells, which have either not taken up the plasmid DNA or which 

20 have not stably integrated or lost the DNA, die in the course of ~1 week. 

To obtain separately growing colonies (mono-clones) of stably transfected cells, cells were 
splitted at ratios of 1:50, 1:500 and 1:5000 onto new 6cm-culture plates 24hrs after transfec- 
tion. The majority of the cells were selected and expanded in pool (polyclonal). Monoclonal 

25 colonies were picked using cloning cylinders (e.g. Dunn Laboratories, cat.no. 2090-00608 for 
6 (diameter) x 8 (hight) mm, no. 2090-00808 for 8x8 mm cylinders) and expanded in parallel 
until cell numbers were high enough for the cells to cover a lOcm-culture dish with near con- 
fluence (~10 7 cells). The polyclonal pools were expanded as well. Aliquots (2 x 3cm-plate (2 x 
~10 6 cells) of the obtained mono- and poly-clonal cell lines were used for characterization, 

30 while the remaining bulks of cells were aliquotted, frozen in several cryovials (Nunc) and 
stored in liquid nitrogen. 
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For characterization, cells from each cell line were treated with tet (2jxg/ ml) (cat-no. 550205, 
Invitrogen) to induce the expression of the transgenes (Src / Src mutants) or left untreated (1 
x 3cm-plate of cells, see above). ~16 h later cells were lysed. Src / Src mutant expression is 
monitored by Western blotting using Src-specific antibodies (Anti-c-Src (N-16) antibody, 
5 cat.no. sc-19, Sta. Cruz Biotechnology, Santa Cruz, CA, USA) and horseradish peroxidase- 
coupled secondary anti-rabbit IgG-antibody (catno. 25800685 Ametsham Biosciences, littie 
Chalfont, UK). In order to qualify for further use in assay development a cell line has to have 
a clearly detectable expression of the desired transgene, and this expression must be tighdy 
inducible, i.e. > 10-fold and preferably > 100-fold lower expression level without tet treatment, 
10 most preferably no detectable expression without tet (above the endogenous background, 
which is near the limit of detection). Therefore, the level of expression has to be high enough 
to technically allow the detection of an at least 10-fold weaker expression signal (see Fig. 1). 

Several different cell lines were obtained and characterized for each transgene with the fol- 
1 5 lowing results: 

1 polyclonal and 14 monoclonal ceE lines stably inducibly expressing Src: 
ZM75.poly, ZM75.1, .2, .3, .4, .5, .6, .7, .8, .9, .10, .11, .13, .14, .15. 

20 1 polyclonal and 13 monoclonal cell lines stably inducibly expressing Src-KA: 
ZM76.poly, ZM76.2, .3, .4, .5, ,6, .7, .8, .9, .10, .11, .12, .14, .15. 

1 polyclonal and 19 monoclonal cell lines stably inducibly expressing Src-YF: 
ZM77.poly, ZM77.1, .2, .3, .4, .5, .6, .7, .8, .9, .11, .13, .14, .16, .17, .18, .19, .20, .21. 

25 

1 polyclonal and 21 monoclonal cell lines stably inducibly expressing Src-TQ: 

ZM78.poly, ZM78.2, .3, .5, .6, .7, .8, .9, .10, .11, .13, .14, .15, .16, .17, .18, .19, .20, .21, .22, .23, 

.28. 
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1 polyclonal and 30 monoclonal cell lines stably inducibly expressing Src/TQ/YF: 
ZM170.poly, ZM170.1, .2, .3, .4, .5, .6, .7, .8, .10, .11, .13, .15, .19, .20, .21, .22, .24, .25, .26, 
.27, .28, .29, .30, .31, .32, .33, .34, .35, .36, .37 
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display a clearly detectable and inducible Src / Src mutant expression. 

1 polyclonal and 4 monoclonal control cell lines (trans fee ted with the empty expression vec- 
5 tor pcDNA4/TO) were obtained: 

ZM74.poly, ZM74.3, .4, .5, .6. These control cell lines do not express any exogenous Src 
(consequently, the above requirements do not apply here). 

Fig.l exemplarily shows the inducible expression levels of some of the above mentioned cell 
10 lines. 

Example 3 — Qualitative/ Semi-quantitative Determination (by Eye/ Microscope) of a 

Biological Readout (Phenotype) for the Expression of Src/ Src Mutants 

and Identification and Characterization of Src Modulating Chemical Compounds 

15 

a) Biological Responses in Normal Cell Culture Plates 

i) Biological Responses upon Induction of Src / Src Mutants Expression 

20 Phenotype changes -tet +tet were evaluated in 24-well plates (Nunc; cat.no. 143982) un- 
der the following several different growth conditions to identify the strongest possible re- 
sponse (A pt( _ tet ->-h tet) max) 1. full (10% serum containing) growth medium a) without any 
growth factor supplement (-), b) with epidermal growth factor (EGF; lOOng/ml) (cat.no. 115, 
Research Diagnostics Inc. (RDI), Flanders, NJ, USA) or c) platelet derived growth factor type 

25 BB (PDGF-BB; 30ng/ml) (catno. 114b, RDI) or d) hepatocyte growth factor (HGF; 
20ng/ml) (RDI, cat.no.300-010), or 2. serum-free medium a) - or b) +EGF or c) +PDGF or 
d) +HGF. In all cases, cells were first seeded into standard 24-well or 96-well plates (Nunc) in 
full growth medium. The cell number seeded per well was also varied to identify the most 
suitable cell densities producing A pt( _ tct -^4- tet) max. 

30 

~24 h later the medium was changed to serum-free medium or not, growth factors and tet 
(2ug/ml) were added where applicable. Subsequendy, the following observations were made: 
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7.M74 fcoti) cell lines: As expected, no significant or consistent/ reproducible difference of 
the phenotype (morphology, proliferation, cell death) was apparent under any of the afore- 
mentioned growth conditions. 

ZM75 (Src^ cell lines: Induction of Src expression led to a most apparent phenotype change 
of the respective cells when they were grown in serum-free medium and without any growth 
factors (see Fig. 2). 

Under such starving conditions cells did not grow well and start to move towards each other 
and clump together forming filamentous or round aggregates. These aggregates grew over 
time, sometimes into big clumps/ foci, and the cells appeared to fuse into big masses, while a 
large proportion of the plastic surface of the culture dish remained free of cells (see Fig. 2 a, 
c,e). 

In the presence of tet, when Src expression was induced, the cells looked more viable, their 
distribution on the culture dish was more even and the cells grew more individually rather 
than forming large aggregates or foci, finally reaching confluence all over the dish (see Fig. 2 
b, d, f). It was obvious that proliferation is increased. 

In short, Src expression (in serum-free medium) allows the cells to grow more normal, like in 
serum-containing medium (see Fig. 2). The functional expression of wildtype Src compen- 
sates, at least in part, for the lack of serum. Therefore, the Src expression-induced phenotype 
changes are best revealed under serum-free conditions. A cell density/ confluence of ap- 
proximately 30% at the time point of tet-induction is preferred. This gives the cells enough 
space to grow and spread over the plate (as they do in the presence of tet) during the follow- 
ing 2-3 days. A much higher cell density lead to premature full confluence (in the presence of 
tet), which diminish A pt( . te ^ +t£t) . A much lower cell density lead to a general retardation of 
growth and to a reduced cell viability, which obscures the biological response and lead to a 
reduced A p ^ +tet) . A pt( . t ^ +tet) max is usually reached 2-3 days after tet induction. 
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In one cell line, namely ZM75.7, expression of Src leads to rounding up of most cells and the 
cessation of growth, followed in some cases by cell death (see Fig.3). This phenotype change 
correlates with the very high inducible Src expression level in this particular cell line. Because 
tet-induction does not promote or allow cell growth in ZM75.7, but rather leads to cessation 
5 of growth, the optimal cell density for A pt{ . te ^ +tct) max is somewhat higher for this cell line 
(~50%) than for the other ZM75 cell lines, and experiments can also be performed in serum- 
containing medium. 

This suggests the existence of a threshold level of Src activity in a cell above which Src does 
10 not support and foster cellular viability anymore, but rather leads to rounding up of cells, 
detachment from the dish and cell death. This is seen yet more strikingly in cell lines express- 
ing the hyperactive Src-YF (see below). 

ZM76 (Src-KA) cell lines: Induced expression of Src-KA leads to a reduced proliferation rate 
15 and to uneven distribution of the cells over the culture dish surface and formation of aggre- 
gates/ clumps, (see Fig.4) This phenotype change is particularly dramatic in ZM76.3 correlat- 
ing with the very high inducible expression level of Src-KA in this cell line (see Fig. 5). The 
expression of Src-KA therefore appears to exert a negative effect on the cells, most likely due 
to a dominant-negative effect of this mutant as is well known in the literature from inactive 
20 mutants of other tyrosine kinases (Levin et al., 1993). As Src-KA induces a negative effect, 
the tet-induced phenotype-change is most obvious under optimal growth conditions, i.e. in 
serum-containing medium supplemented with lOOng/ml EGF. The optimal cell density at 
the time of tet-induction is around 30% (50% for ZM76.3) giving the cells enough space to 
grow and spread over the plate (as they do in the absence of tet) during the following 2-3 
25 days. A pt( _ tct ^ +tct) max is usually reached 2-3 days after tet induction. 

ZM77 (Src-YF) cell lines: Induction of Src-YF expression leads to rounding up of cells, fol- 
lowed by detachment of the cells and cell death (see Fig.6). As noticed before, the extent and 
the rate of this phenotype-change correlates with the level of transgene expression inducible 
30 in the different monoclonal cell lines. In most ZM77 cell lines, which inducibly express mod- 
erate to high levels of Src-YF, like for instance ZM77.2 and ZM77.8, the phenotype changes 
are very rapid and dramatic : Rounding up of the cells starts within a few hours and 6-10 h 
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after tet addition cells are almost completely rounded up and detached; the phenotype is fully 
established overnight; i.e. A pt , ttt . +tct) is already very high, although the continued growth of 
the cells in the absence of tet further increases A pt( . t ^ +t£t) until the cells reach confluence. In 
order to reach A p , ttt , +Kt) max as rapid as possible, cells should be seeded so that the density is 
5 60-70% at the time of tet induction. The phenotype change is seen equally well m medium 
with or without serum. However, serum-containing medium was used, because cells start to 
starve in serum-free medium after approximately one day, and therefore serum-free medium 
diminish the huge A pt( _ tet ^ +tct) max. 

10 ZM2S (Src£IQ) cell lines: As expected, induction of Src-TQ expression leads to phenotype- 
changes very similar to those observed in ZM75 cell lines upon expression induction of wild- 
type Src (see above) (see Fig.7). As in the latter, tet-induced phenotypes are most overt under 
serum-free conditions. 

15 ZMUfi ^-TO/Yrn cell lines: As expected, induction of Src-TQ/YF expression leads to 
phenotype changes equivalent to those observed in ZM77 cell lines upon expression indue- 
tion of hyperactive Src (see Fig.8). 

Comparisons of the extents of the respective phenotypic changes (-tet -> + tet) provided a 
20 rational basis for the selection of a few cell lines displaying strong biological responses upon 
tet-induction, which were used to further develop the assay as described below. 

The following cell lines were chosen: 

ZM75.13, and ZM75. P oly; in addition: ZM75.7 (providing a different and more dramatic 
25 (ZM77-like) response); 
ZM76.3; 

ZM77.poly, ZM77.2 and ZM77.8; 

ZM78.13; 

ZM170.21; 

30 ZM74.6 was routinely used as the control. 

it) Suppression of the Biological Responses by Chemical Compounds (Proof-of-Principle) 
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In pro o f- o t-principle experiments, test compounds, known to inhibit Src kinase activity were 
used to determine, whether a suppression of the aforementioned Src/ Src mutant-induced 
phenotype changes can be observed. 

5 

To that end, the test compounds PPl-Chr., PP2 (cat.no. 529573, Calbiochem) and SU6656 
(cat.no. 572635, Calbiochem) (see Fig.9p for chemical structures) were individually added to 
the cells together with tet, and the development of the phenotype changes in the presence of 
these compounds was monitored subsequendy in direct comparison with cells that received 

10 no compound or only vehicle (0.2% DMSO) together with tet induction. The compounds 
were also added to the cells without tet-induction of Src/ Src mutant expression as controls 
for non-specific/ toxicity effects. The experiments were initially performed with several 
ZM77 cell lines. As depicted in Fig.9, the phenotype changes of the cell line ZM77.poly (Src- 
YF) were partially suppressed by the various test compounds (see Fig.9a-k). In the context of 

15 the ZM77 cell lines, the presence of one of the test compounds reduced the tet-induced rate 
of cell rounding, detachment and death. The effect was most obvious at early time points (8h 
— Iday), when the phenotype of the tet-treated cells, that did not receive any compound, was 
just fully established or established to a large extent. The block of the phenotype change by 
the compounds was released at later time points (depending on the compounds, typically after 

20 8h to 2 days), in most cases due to a progressing degradation of the compounds. 

Furthermore a clear correlation between different compound concentrations and the degrees of 
suppression of the tet-inducible biological responses was shown (e.g. Fig.9j,k and Fig.9m,n,o): 
Suppression was generally stronger with increasing concentrations of the test compounds. 

25 

Compounds were also tested on the Src-wt expressing cell line ZM75.7 (Fig. 10). An interest- 
ing phenomenon was observed. Inhibition of Src not only reduced or prevented the tet- 
induced phenotype of round and detached cells, but also resulted in an increased confluence 
of the cells due to increased proliferation and a more even distribution of the cells on the 
30 plate (Fig.lOc,e). 
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The presumable explanation for this is that the partial inhibition of Src in these cells by the 
compounds reduces the very high levels of active Src in these cells to a level, which is func- 
tionally comparable to the Src expression levels in other ZM75 cell lines, which promote con- 
fluence of the cells (see above). The partial inhibiton by the compounds brings the activity of 
5 Src in these cells down below the threshold level of Src activity above which Src does not 
promote cellular viability anymore, but rather leads to cessation of growth, rounding up of 
cells, detachment from the dish and cell death. 

In a small-scale screening campaign testing novel compounds with unknown activity against 
10 Src in whole cells, several molecules were identified, which significantly and specifically sup- 
pressed the observable phenotype changes. The (concentration-dependent) suppression effect 
of one compound, designated "D5», which has been identified in this screen with ZM77 cell 
lines, is shown in Fig.9 l-o. These results demonstrate that the described assay is well suited to 
screen and identify (novel) compounds, which inhibit Src activity in whole cells. 

For reasons of specificity some compounds were further tested on some of the other cell 
lines: 

Importantly, the compounds were not able to suppress the tet-induced phenotype changes in 
20 Src-KA expressing ZM76 cell lines; rather it is often observed mat the presence of some 
compounds further increases the tet-induced phenotype change (negative suppression), due 
to a synergism with the dominant-negative effect [this is shown examplarily for PPl-Chr./ 
PP2 and D5 in Fig.lla-fj. This indicates that these compounds exert their effects specifically 
via inhibition of Src's kinase activity. It can therefore be excluded that the observed effects 
25 are mediated by their binding to any of the non-catalytic domains of Src thereby blocking 
protein-protein interaction-mediated signalling nor mediated by any indirect means resulting 
in a general inhibition of Src folding and/ or expression. 

The test compounds PPl-Chr./ PP2 were also ineffective in suppressing the tet-induced 
30 phenotype changes in Src-TQ expressing ZM78 cell lines and in SrcTQ/YF expressing 
ZM170 cell lines [compare Fig.l2a-d (Src-TQ/YF expressing ZM170.21) with Fig.l3a-d (Src- 
YF expressing ZM77.8)]. This indicates, as a further level of specificity, that the compounds 
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inhibit Src kinase activity by binding into the ATP binding site and that other non-Src-related 
kinases, which do not have a threonine at the homologous position, would not be inhibited 
by these compounds. 

5 In contrast, the novel inhibitor D5, while ineffective against the Src-KA -induced effects, did 
suppress both Src-YF- and Src-TQ/YF-induced effects, although suppression was somewhat 
weaker for the latter (compare Fig.l2e,f with Fig. 13, e,fj. This shows, that D5 does not seem 
to be very specific for the threonine at position 341, but also tolerates glutamine instead, 
which makes it obvious that it will to some extent also inhibit other non-Src-related tyrosine 
10 kinases. 

In further analogously performed proof-of-principle experiments, the test compounds 
geldanamycin (cat.no. G-1047, A.G. Scientific), 17-AAG (cat.no. A-1256, A.G. Scientific Inc., 
San Diego, CA, USA) and radicicol (cat.no. R-1130, A.G. Scientific) were used to determine, 
15 whether a suppression of the Src/ Src mutant-induced phenotype changes can be observed. 

These Hsp90 inhibitors were very effective in these assays, suppressing the phenotype of all 
Src and Src mutant expressing cell lines tested in a concentration-dependent manner [exem- 
plarily shown for radicicol and 17-AAG in Fig.sllg-j, 12g-j and 13g-j]. The suppression is 

20 comparable or stronger and usually a bit longer-lasting than the suppression observed with 
the direct Src kinase inhibitors PPl-Chr., PP2, SU6656 and the newly identified D5. The in- 
hibition via the folding machinery is very fundamental for Src. When direct Src kinase inhibi- 
tory compounds are degraded over time the block is released without any delay, whereas re- 
expression of correctly folded Src protein takes some time after derepression of the folding 

25 machinery following the degradation of Hsp90 inhibitory compounds. 

It is important to emphasize that these compounds are also effectively suppressing Src-KA- 
and Src-TQ/YF-induced phenotype changes (Fig.sll/12g-j). This fits perfectly with their 
mechanism of action: Through inhibition of Hsp90, they prevent a proper folding of Src and 
30 Src mutants, leading to proteasomal degradation of the (misfolded) Src proteins. This degra- 
dation affects all Src and Src mutant proteins likewise, including Src-KA and Src-TQ/YF. 
Thus, any inhibitor of the chaperone system, which is responsible for Src folding and which 
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consists of Hsp90, Hsp70 and Hop (which interacts with both Hsp70 and Hsp90 via two of 
its TPR domains; Scheufler et aL, 2000), can be distinguished from a direct Src kinase inhibi- 
tor by its suppression of Src-KA-induced effects. 

5 Taken together, the mutants Src-KA and Src-TQ/ Src-TQ/YF allow the classification of 
compounds with regard to their modes of action / specificity as follows: 



Tab.1: 




Snnnression of Src- 


Mode of action/ specificity 


examples 


YF 

<wt) 


TQ/YF 
(TQ) 


KA 


1. Indirect (upstream): 

Inhibition of the Hsp90/Hsp70/Hop mumcnaper- 
one complex . . . 


Radicicol, Gelda- 
namycin, 17-AAG 


+ 


+ 


+ 


2.Direct or indirect (downstream) 

Kinase inhibitors (non-specific or non-ATP- 
competitive> or inhibitors of Src effector(s) 


SU6656 


+ 


+ 




3. Direct . . 

a) Kinase inhibitors (ATP-competitivej wnh lim- 
ited specificity 


D5 


+ 






b) Kinase inhibitors (ATP-competitive + specific 
for SrcHike) kinases) . 


PP1-Chr., PP2 


+ 
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It follows that the assay platform of this invention is not only suited for the identification and 
characterization of compounds inhibiting the activity of Src, but can equally well be used to 
screen, identify and evaluate compounds which inhibit the Hsp90-based chaperone system by 
any means: inhibitors of the HspWATPase; compounds which block protein-protein- 
interaction between Hsp90 and other proteins like Hsp70, Hop, Cdc37 and others cooperat- 
ing with Hsp90 in the folding of Hsp90 client proteins (e.g. HER2, Akt, Raf, Cdk4, Src), as 
well as inhibitors of these cooperating proteins and compounds blocking protein-protein in- 
teractions among these cooperating proteins, for example the interaction between the TPR 
domains of Hop on the one hand and the carboxy-termini of Hsp70 and Hsp90 on the other 
hand. 
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h) Biological Responses in THtraW Attachment Plates 

i) Biological Responses upon Induction of Src / Src Mutants Expression 
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Cells were seeded into 24-well or 96-well "Ultra Low Attachment" plates (cat.no.: 3473, Co- 
star Corning Corp., Acton, MA, USA). These plates are coated with a covalently bound hy- 
drogel layer that prevents cellular attachment to the polystyrene surface of the wells. As the 
5 cells were not attached to these wells, a medium change was impossible here. However, the 
phenotypes were tested in full serum-containing medium in the absence or presence of EGF, 
PDGF-BB or HGF as detailed above. Tet-induction was also started the day after seeding. 

Largely irrespective of the cell numbers per well, the cells of all cell lines were in suspension 
10 and formed one or few very condensed/compact, opaque, rod-, disc- or kidney-shaped ag- 
gregates with a smooth surface, in which individual cells could not be discerned. Phenotype 
changes became apparent ~24 h after tet induction in ZM77 and ZM170 cell lines only, and 
A p t(-ter^ + tct) max was reached after ~2 days. In these cell lines Src-YF or Src-TQ/YF expres- 
sion, respectively, induces scattering of the cells. Many cells are floating in the medium indi- 
15 vidually or in small clusters and the remaining large aggregate(s) are irregular-shaped and 
rather loose than compact; individual cells can easily be discerned and thus, the surfaces of 
these aggregates are rough as with bunches of gtapes (Fig.l4a,b). This biological response was 
readily observed with or without any of the above growth factors, wherefore normal growth 
medium without any additional growth factor was subsequendy used in this assay type. 

20 

There was no phenotype change upon tet-induction in control or any of the other Src, Src- 
KA or Src-TQ expressing cell lines. 

ii) Suppression of the Biological Responses by Chemical Compounds (Proof-of-Principle) 

25 

In proof-of-principle experiments, test compounds known to inhibit Src kinase activity or 
known to inhibit the Hsp90 chaperone complex were used to determine whether a suppres- 
sion of the aforementioned Src-YF-induced phenotype changes can be observed. 

30 To that end, the test compounds PPl-Chr., SU6656 and PP2 were individually added to the 
cells together with tet, and the development of the phenotype changes in the presence of 
these compounds was monitored subsequendy in direct comparison with tet-induced cells 
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that received no compound (Fig.l4c-j). The compounds were also added to the cells without 
tet-induction of Src/ Src mutant expression as controls for non-specific/ toxicity effects. The 
experiments were performed with several ZM77 cell lines. As depicted in Fig.14, the tet- 
induced phenotype changes in ZM77.poly were partially suppressed by the various com- 
pounds: CeE scattering and conversion of the compact aggregate into loose and irregular clus- 
ters was inhibited to various extents, depending on the nature and concentration of the com- 
pounds. 

In a small-scale screening campaign testing novel compounds with unknown activity against 
Src in whole cells, several molecules were identified, which significandy and specifically sup- 
pressed the observable phenotype changes. The (concentration-dependent) suppression effect 
of one compound, designated «D5», which has been identified in this screen with ZM77 cell 
lines, is shown in Fig.l4k-n. These results demonstrate that the described assay is well suited 
to screen and identify (novel) compounds which inhibit Src activity in whole cells. 
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Specificity tests with PPl-Chr. and PP2 using the Src-TQ/YF expressing cell line ZM170.21 
demonstrated that these compounds were largely ineffective in suppressing the tet-induced 
phenotype (cell scattering, etc.) (see Fig. 14/15 c, d). D5 slighdy suppressed the phenotype 
changes of ZM170.21 (see Fig. 14/15 e, f). These results are consistent with the data obtained 
20 in the normal cell culture plates facilitating adherent growth (see above for details and conclu- 
sions). 

In contrast to the Src-kinase inhibitors, which only suppressed the tet-induced phenotype in 
the Src-YF expressing cell lines, the Hsp90 inhibitors radicicol and 17-AAG were able to 
25 suppress to a large extent the tet-induced phenotype in both, Src-YF and Src-TQ/YF ex- 
pressing cell lines (see Fig. 14/15 g, h, i, j). These results are in line with the data obtained in 
the normal cell culture plates facilitating adherent growth (see above for details and conclu- 
sions). 
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These results demonstrate that the described assay with suspended cells is well suited to 
screen and identify compounds/which modulate Src activity or the function of the Hsp90 
chaperone system (including Hsp70, Hop and other co-involved proteins) in whole cells. This 
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assay can distinguish between direct, ATP-competitive and Src (family)-specific inhibitors 
(category 2b in Tab.l) and other inhibitors with different binding modes/ specificity (catego- 
ries 1 and 2a) by comparison of results from Src-YF with Src-TQ/YF expressing cells/cell 
lines, 

5 

c) General considerations 

Most of the mentioned cell lines have been subjected to a qualitative determination of their 
biological responses upon tet-mediated Src/ Src mutant expression induction, 

10 

The strength of the biological responses correlated with the respective inducible transgene 
expression levels. A big difference of the phenotypes — tet versus 4-tet, i.e. a strong biological 
response upon induction of expression, was desired, because the effect of a drug will suppress 
the tet-induced phenotype to a point somewhere in between these two extremes: 
15 (i) no expression induction (-tet), phenotype reflects no (or background) Src/ Src mutant 
activity and 

(ii) induced expression (+tet), phenotype reflects maximal Src/ Src mutant activity in the re- 
spective cell line. 

20 A compound, which is added to the cells at the time of tet-induction, will diminish the devel- 
opment of the tet-inducible phenotype dependent on and quantitatively correlating with its 
inhibitory effect on Src/ Src mutant activity: If there is no inhibition (0%), the induced phe- 
notype will be maximal (ii). On the other hand, if there is a complete inhibition (100%), the 
tet-induced phenotype is completely suppressed and the phenotype is unchanged, i.e. equiva- 

25 lent to the situation without tet (i). Accordingly, a partial inhibition of Src/ Src mutant activity 
by a compound will result in a partial suppression of the tet-inducible phenotype (l%-99%). 
The wider the range between the phenotypes of i) -tet and of ii) +tet (A pt( _ tet ->+ tet) ) the more 
precisely can the effect of a potentially Src inhibitory compound be measured. 

30 Example 4 - Quantitative Determination of the Biological Readout (Phenotype) for 
the Expression of Src/Src Mutants and of the Potency of Src Modulating Chemical 
Compounds 



49 



10 



a) Examples: Proof-of-principle 

To proof the concept of the assay platform according to the invention in a quantitative man- 
ner with a highly parallel readout, the following cell viability / metabolic activity assays from 
Promega according to the manufacturers protocols: "CellTiter 96 AQueous One Solution 
Cell Proliferation Assay (MTSV . CellTiter-Blue™ Cell Viability Assay (CTB), and the ATP- 
status assay "CellTiter-Glo Luminescent Cell Viability Assay" (ATE) were used to obtain 
quantitative values reflecting (aspects of) the phenotype changes. 



The cells were seeded into white-walled/ clear bottom 96-well plates ["MICROTEST" by 
Falcon, cat.no. 353947] for MTS and ATP assays and in black-walled/ clear bottom 96-well 
plates ["MICROTEST" by Falcon, cat.no. 353948] for the CTB assay at the appropriate den- 
sities. Tet and/or compound addition (where applicable) was started the next day. Measure- 
15 ments were taken 1,2 and 3 days later using the Wallac Victor 2 ™ multilabel plate reader 
(Perkin Elmer). Absorbance was measured at 490nm (MTS). Luminescence mode was used 
for the ATP assay. For CTB fluorescence excitation wavelength was 550nm (filter: 
550(20)nm), emission wavelength was 590 nm (filter: 590(20)nm). 

20 Characteristic results of these assays are summarized in tables 2, 3 and 4: 

Indicated are the means of sixplicate determinations (from 6 independent wells) in the ab- 
sence of tet (mean(-tef)) and in the presence of tet (mean(+tet)), foUowed by the respective 
corresponding standard deviations SD(-tet) and SD(+tet). The ceE viability/ metabolic activ- 

25 ity upon tet-induction in relation to the cell viability/ metabolic activity without tet ("±Zr 
tetlmeans") is calculated from the quotient of the means of the measured cell viability/ meta- 
bolic activity signals from i) cells incubated without tet and ii) cells incubated with tet. A +/- 
tet(means)-value of 100% indicates that cells are equally viable/ metabolically active with and 
without tet; wherever tet addition (i.e. induction of Src/ Src mutant expression) changes the 

30 phenotype towards reduced viability, the percentage decreases correspondingly. Furthermore 
indicated are the corresponding 7.' values . In the present context Z'=l-(3(SD(+tet)+SD(- 
tet))/ |mean(+tet)-mean(-tet) | . Z' is a simple statistical characteristic for assay quality assess- 
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ment; its theoretical maximum value is 1 (no data variability; SD=0) (Zhang et al., 1999). 
Z*>0 is required for an assay useful for a screening approach; a Z'>0.5 is considered excellent 
for an assay with regard to high throughput screening. In Tab.s 2, 3 and 4 all +/-tet(means)- 
values, which are accompanied by Z' values >0, >0.5 and >0.8 are highlighted by yellow, light 
5 orange and dark orange background color, respectively. 

Three more parameters reflecting the effects of compounds on cell viability /metabolic activ- 
ity in these assays are indicated in Tab.3 and Tab.4: Toxicity reflects the nonspecific (i.e. irre- 
spective of tet-induced Src/ Src mutant expression) effects of a compound on the viability/ 

10 metabolic activity of the cells. It is calculated as toxicity=l-mean(-tet,compound)/mean(- 
tet,(DMSO)). For simplicity reasons, the quotient "mean(~tet,compound)/mean(- 
tet,(DMSO)" is also called Q tox hereafter. The vehicle itself (0.2% DMSO) had no toxic effect 
on any cell line. If the compound does not change cell viability /metabolic activity Q to!C = 1 and 
thus toxicity=0. If a compound completely kills all cells with no remainder of cell viabil- 

15 ity /metabolic activity Q tox =0 and toxicity- 1. A negative toxicity value indicates that cell vi- 
ability / metabolic activity is higher in the presence of a compound than without any com- 
pound. Negative toxicity values are usually small and due to a minor impreciseness of the 
measured values. The suppression value quantifies the potency of a compound with respect 
to suppression of the tet-induced change in cell viability / metabolic activity. Usually, tet- 

20 induction reduces cell viability / metabolic activity due to Src activity and addition of a Src 
inhibitory compound mitigates this reduction. A suppression of 100% means that the com- 
pound totally suppresses the tet-induced decrease in cell viability / metabolic activity (as in 
the absence of tet). The following formula is employed: Suppres- 
sion=(mean(+tet,compound)-mean(+tet,(DMSO))xQ tOJ( )/(mean(-tet,compound)- 

25 mean(+tet,(DMSO))xQ tox ). Finally, the corresponding Z' value is calculated as follows: 
ZYsuppression) = 1 - 

3(SD(+tet,compound)+SD(+tet,(DMSO))xQ t J/ 1 mean(+tet,compound)- 
mean(+tet,(DMSO))xQ tox ). The factor Q tox corrects the means and SD determined in the ab- 
sence of a compound for the (nonspecific) toxicity effect of the respective compound, which 
30 would otherwise overlay and obscure the specific suppression, if toxicity is not neglectable. 
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As a general result, the cell viability/metabolic activity of the ZM74.6 control cell line (con) is 
not changed by tet addition, because tet does not induce any Src or Src mutant expression m 
these cells: +/-tet(means)^100%. 

5 Table 2 shows that the high-level Src expressing cell line ZM75.7 (see above for further de- 
tails) shows statistically relevant reductions in cell viability/metabolic activity in MTS and 
ATP assays. Especially in the ATP assay tet-induction for 3 days reduced cell viabil- 
ity/metabolic activity to ~50% as compared with no tet-induction with very good corre- 
sponding Z' values of 0.75 and 0.79. The Src-YF expressing cell lines ZM77.2 and ZM77.8 
10 were tested in parallel for their reduction of cell viability/ metabolic activity upon tet- 
induction. Here the values are even lower than with ZM75.7, declining to 10% cell viability/ 
metabolic activity after 3 days (compared with no tet-induction) in the ATP assay; the corre- 
sponding Z> value of 0.89 is excellent. Tet-induction for Iday reduced the cell viability/ 
metabolic activity to 55-65% (MTS) and to -70% (ATP) and tet treatment for 2days reduced 
15 the cell viability/ metabolic activity to 20-40% (compared with no tet-induction). Compared 
with the rapid phenotype change that was obvious from microscopic evaluation by eye (see 
above) the reductions in cell viability/ metabolic activity measured in these assays are signifi- 
candy delayed. As described in detail above, the larger the extent of the phenotype change 
upon tet addition A pt ,^ +ttt) the more easily and reliably a compound's capability to sup- 
20 press the tet-induced phenotype change can be measured. In other words, the most suitable 
cell line for screening and measuring of Src inhibitors is the one with the most dramatic tet- 
inducible drop in cell viability/ metabolic activity (smallest + /-tet(means)-value). In that re- 
gard, it was found that the cell line ZM77.8 is the most well suited cell line corroborating the 
findings from the evaluations by eye (microscope). 

^ The Src-KA expressing representative ZM76.3 shows only a moderate tet-induced reduction 
to roughly 65-70% of the cell viability/ metabolic activity without tet after 2-3 days in these 
assays (best Z> value in this experiment: 0.26), although the evaluation by eye reveals a very 
clear phenotype change 1-2 days after tet addition. 

30 Lower cell densities do not usually improve effects and data quality. 
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Table 3 summarizes results from analogous assays, in which the cell lines ZM77.8(Src-YF), 
ZM75.7 (Src) and ZM76.3 (Src-KA) were used to evaluate the effects of test compounds 
PPl-Chr. and PP2, which are known Src kinase inhibitors, and of the newly identified com- 
pound "D5", which also appeared to suppress the tet-inducible phenotype in ZM77.8 (see 
5 above), with respect to their ability to suppress the tet-induced reduction in cell viability/ 
metabolic activity. ZM77.8 produced progressively lower +/-tet(means)-values declining to 
5% (Z'=0.95) in the MTS and to 13% (Z*=0.91) in the ATP assay 3days after tet addition. 
These dramatic reductions and the corresponding excellent Z ? values provide a very good 
basis for the measurement of the suppressive effects of compounds as can be seen in Tab.3. 

10 Interestingly, the best suppression values are already reached 2days after tet and compound 
addition, obviously due to the progressing degradation of the compounds in the medium 
and/ or in the cells at 37°C over the course of several days. This finding is also in line with 
observations described above. For example, in the MTS assay +/-tet(means) was down to 
16% after 2days, whereas in the presence of lOuM PPl-Chr. + /-tet(means) was only reduced 

15 to 75%, which makes a suppression of 70% accompanied by an excellent Z'(suppression) 
value of 0.86. After 3 days, the suppression declined to 28% with a Z'(suppression) still being 
excellent. In general it can be said that suppression effects by compounds are most obvious 
after 2 days, sometimes even Iday, of tet/ compound incubation, while Z' (suppression) values 
are best after 2-3 days. Tab.3 also shows that the suppression of a compound (namely PP2) 

20 correlates with its concentration (here 5uM and luM), in line with the observation described 
above. The newly identified compound D5 at 40uM concentration mediated a 50% suppres- 
sion (Z'=0.77) in the ATP assay 2days after tet/compound addition. 

The suppression effects mediated by the test compounds PPl-Chr. and PP2 on ZM75.7 were 
25 detected with good to excellent Z' (suppression) values 3 days after tet/compound addition. 
The effect of D5 was not detected by this experiment 

The compounds did not suppress the Src-KA induced phenotype of the cell line ZM76.3; this 
is in line with the observation described above. Rather, in the MTS assay, the presence of 
30 some compounds further reduces the cell viability/ metabolic activity (negative suppression), 
obviously due to a synergism with the dominant-negative effect. As already put forward 
above this indicates that these compounds exert their effects specifically via inhibition of Src's 
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kinase activity rather than acting through any of the non-catalytic domains of Src or, indi- 
rectly, through inhibition of Src folding and/ or expression. 

The ATP-assay reagent was also added to the wells of a ultralow attachment plate containing 
ZM77.8 cells in suspension and transferred into the appropriate white-walled 96-well plates 
for luminescence measurement. Although the Z' values were not in the very good range, it 
can be seen that the cell viability is significantly decreased (as under adherent conditions) after 
3 days of tet-induction and that addition of PPl-Chr. suppresses this reduction. Thus, in 
principle, a highly parallel and quantitative detection and determination of Src inhibitors also 
works with this assay variation. 

Both assay types, MTS and ATP, are well suited to screen and detect in a quantitative and 
highly parallel manner compounds which are able to inhibit Src activity in intact cells. Fur- 
thermore, by using a series of appropriate concentrations the 50% effective concentration of 
a compound (EC50) can be determined. In summary, there is no big quality difference be- 
tween MTS and ATP assay. Reductions of cell viability/metabolic activity are usually a bit 
more rapidly monitored with MTS (4h measurements are better than lh measurements). The 
ATP assay delivers somewhat better Z' values in the majority of the cases; only with ZM76.3 
the MTS assay is superior. 

Table 4 shows data obtained from the CTB assay and in comparison, with the ATP assay. On 
each day 4 measurements are taken (1, 2, 3 and 4 h after the addition of the CTB assay re- 
agents). The Src-TQ/YF expressing cell line ZM170.21, which allows to determine the speci- 
ficity of compound inhibition (see above; Tab.l) was also included. Moreover the compounds 
radicicol and 17-AAG, which are no direct Src kinase inhibitors, but rather inhibit Hsp90, 
which is required for a proper folding of Src, and thus indirecdy inhibit Src activity, were in- 
cluded. 

The tet-inducible reductions of the cell viability/ metabolic activity (+/-tet(means)-values) are 
almost identical between ZM77.8 and ZM170.21 and go down to -25% on day 1, to 8-9% on 
day 2 and to 2-3% on day 3 in the CTB assay (2, 3 or 4 h measurement time points), which 
provides an ideal basis for the measurement of suppression effects by compounds. 
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In this experiment, PPl-Chr+PP2 were used as a representative of the direct Src kinase in- 
hibitory and Src-family-specific compounds. D5 was used as an example for a compound, 
which inhibits Src as a direct Src kinase inhibitor, but which is less specific and, according to 
the observations by eye/microscope (see above; Tab.l), can also to some extent inhibit the 
Src-TQ/YF mutant. Radicicol and 17-AAG were used as representatives of a compound 
class, which indirecdy inhibits Src (via inhibition of the chaperone system). 

In the Src-YF expressing cell line ZM77.8 all compounds clearly suppress the tet-induced 
reductions of the cell viability/ metabolic activity (+ /-tet(means)-values) . In the CTB assay _ 
the suppression is already evident and statistically reliable (good to excellent Z'(suppression) 
values) after Iday of incubation with tet and compounds (see Fig.lSa). In the ATP assay the 
suppression is also evident on dayl, the corresponding Z' (suppression) values are in the good 
to excellent range from day2 on. 

In contrast, in the Src-TQ/YF expressing cell line ZM1 70.21 the Src family specific inhibitors 
PPl-Chr. and PP2 did not significantly suppress the + /-tet(means)-values (Fig. 15b). This 
again demonstrates (in line with the observations described above), that this cell line is per- 
fectly suited to discriminate between Src(family)-specific kinase inhibitors and non-specific or 
less specific inhibitors. This is further exemplified by the results with compound D5 
(Fig. 15b): In contrast to PPl-Chr. and PP2, this compound also significandy suppresses the 
+ /-tet(means)-values in ZM1 70.21. The suppression is weaker than in ZM77.8 suggesting 
that D5, although not as specific as PPl-Chr. or PP2, has at least a preference for Src-family 
kinases. 

Radicicol and 17-AAG were equally effective in both cell lines (Fig.l5a,b). 

Moreover, radicicol was also effectively suppressing the Src-KA-induced phenotype in the 
cell line ZM76.3 (CTB assay), although the Z'(suppression) values are too low for this cell line 
to be used in a medium or high-throughput screen, which require higher Z' values (Tab.4). 
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Evaluating the suitability of both assay formats (CTB and ATP) it can be stated that CTB 
shows better (more rapid and stronger) reductions upon tet-addition in the relevant cell lines 
(ZM77.8, 77.2, 170.21, 76.3, 75.7) than the ATP assay (Tab.4 and data not shown). Due to 
this, at day2 and 3, the suppression (in %) in the CTB assay is often less than in the ATP as- 
5 say,' because the +/-tet(mean)-values are small (due to strong tet-induced reduction of cell 
viability/ metabolic activity). The Z' values are more often better in the CTB than in the ATP 
assay. In CTB, later measurements (3-4h after reagent addition) are usually better and more 
reliable man early measurement time points (esp. lh). Reductions (+/-tet(mean)-values) are 
usually best after 3 days both in ATP and CTB assays, while suppressions are often better at 
10 day2 (or even dayl). Values with the control cell line ZM74.6 indicate that the CTB assay in 
general is probably less accurate than the ATP assay, which however, is roughly compensated 
for by the stronger reductions - at least this is shown by the comparable or slightly better 71 
values. It follows that the CTB assay should preferably be given priority over the ATP assay 
in a first assay run, while an accompanying ATP assay gives more reliability and confidence. If 
15 the number of cell lines / compounds is small and the evaluation is very important both as- 
says might be run in parallel. 

The above described proof-of-principle experiments demonstrate that the three employed 
assay types (MTS, ATP and CTB) are very well suitable to screen, identify and quantitatively 
20 evaluate compounds, which can inhibit Src activity in intact cells directly and indirectly. So, 
this also includes the possibility to identify compounds which interfere with the Hsp90 chap- 
erone system (including cooperative proteins, like Hsp70, Hop and others) as detailed above. 
It is furthermore possible to determine the specificity of such compounds by means of com- 
paring their effects on Src-YF expressing (ZM77) cell lines with their effects on Src-TQ/YF 
25 expressing cell lines. Other mutations besides the TQ mutation described and used herein, 
which change important specificity determinants in or near the ATP binding site, and which 
consequendy allow to discrirninate between compounds specific for Src family kinases and 
compounds which are also able to tighdy bind and inhibit other more distandy related tyro- 
sine kinases, could be used in this assay. 

30 

If one compares the tet-inducible phenotype changes and their suppression by vanous com- 
pounds in ZM77 and ZM170 cell lines observed by eye (microscope), as detailed in example 
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3 or 4, respectively, with the measurements based on cell viability and metabolic activity by 
means of the above described assays, it is striking that the assays record the phenotype 
changes (and suppressions) with some delay: It takes 1-2 days (depending on the assay type) 
of tet(/ compound) incubation until the changes (reductions) are evident and statistically sig- 
5 nificant. The reductions continue at least until day 3. In contrast, observation of the cells un- 
der the microscope reveals that already 8-12h after addition of tet, i.e. induction of Src-YF or 
Src-TQ/YF expression, the dramatic phenotype change is (almost) fully established. 

It is preferred to use image analysis systems for quantification of phenotype changes upon 
10 induction. 

In a preferred embodiment it is suggested to use the assay platform in a two-stage process: 1. 
A Src-YF expressing cell line, e.g. ZM77.8, (or its analogue of other Src kinase family mem- 
bers) can be employed in a medium or high throughput screen using the very well suited 

15 CTB assay. Hits should preferably be confirmed by ATP and/or MTS assays. These assays 
are amenable to automation. 2. a) Verified hits can then be screened against a Src-TQ/YF 
expressing cell line, e.g. ZM1 70.21, (or its analogue of other Src kinase family members) using 
the same assays in order to evaluate them with respect to specificity, b) A Src-KA expressing 
cell line, e.g. ZM76.3, (or its analogue of other Src kinase family members) can then be in- 

20 eluded to further characterize the mode of action, especially for hits, which suppressed the 
phenotype changes of both Src-YF and — TQ/YF expressing cell lines. If Src-KA expressing 
cell lines do not yield statistically relevant data in these assays, they should preferably be 
evaluated by eye/ microscope. This will not be a major problem, because the number of hits 
will already be small after the initial filtering with Src-YF (and Src-TQ/YF) expressing cell 

25 lines. Although a qualitative difference of compound inhibition between Src-YF and wild type 
Src was not expected, it is advisable to also check the verified hits on Src expressing cell lines 
(or other Src family member expressing cell lines). This may be done by the aforementioned 
assays in the case of the ZM75.7 cell line or by eye/ microscope. 



30 



b) General Considerations and Methods 
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Displaying the most dramatic response, the Src-YF expressing ZM77 cell lines, e.g ZM77.8, 
seemed ideally suited to establish a method enabling a highly parallel and quantitative readout 
of these readily observable phenotype changes and their suppression by potential Src- 
inhibitory test compounds. 

Also well suited is the Src expressing cell line ZM75.7. For reasons of classification of novel 
inhibitors according to their mode of action and specificity (see Tab.l, p.15) the Src-TQ/YF 
and Src-KA expressing cell lines, e.g. ZM170.21 and ZM76.3, respectively, are employed. 
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Patent Claims 

Method of identifying, selecting and/or characterizing a compound which modulates 
the activity of at least one Src family kinase, comprising the steps of: 

a. cultivating at least one cell (or at least one cell line) containing at least one nu- 
cleic acid coding for a Src family kinase or a mutated Src family kinase under 
suitable conditions, 

b. expressing the nucleic acid(s) coding for a Src family kinase or a mutated Src 
family kinase in the cell(s) of step (a) under suitable conditions, 

c. contacting the cell(s) of step (b) with at least one test compound and 

d. determining whether the phenotype of the cell(s) of step (c) is changed as 
compared with the phenotype of the cell(s) of step (b), whereby a difference 
in the phenotype indicates that said test compound modulates the activity of 
at least one Src family kinase. 

2. Method of claim 1, wherein the nucleic acid coding for Src family kinase or a Src fam- 
ily kinase mutant is inducibly expressed according to step (b). 

3. Method of claim 1 or claim 2, wherein at least one cell (or at least one cell line) ex- 
presses a wildtype (wt) Src family kinase. 

4. Method of any of claims 1 to 3, wherein at least one cell (or at least one cell line) ex- 
presses a Src kinase family member mutant, which displays a hyperactive form of a 
Src family kinase. 

5. Method of claim 4, wherein at least one cell (or at least one cell line) expresses a Src 
kinase family member mutant, which contains at the regulatory tyrosine residue 
(phosphorylation site) a mutation, which does not allow the tyrosine residue to be 
phosphorylated, preferably by deletion, substitution or modification of the regulatory 
tyrosine residue. 
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6. Method of any of claims 1 to 5, wherein at least one cell (or at least one cell line) ex- 
presses a Src kinase family member mutant, which displays a "kinase dead" form of a 
Src family kinase. 

7. Method of claim 6, wherein at least one cell (or at least one cell line) expresses a Src 
kinase family member mutant, which contains a mutation at the ATP binding site of a 
Src family kinase, which does not allow to bind ATP propedy, preferably by deletion, 
substitution or modification of at least one residue of the ATP binding site. 

8. Method of any of claims 1 to 7, wherein at least one cell (or at least one cell line) ex- 
presses a Src kinase family member mutant, which displays a "specificity determining" 
form of a Src family kinase. 

9. Method of claim 8, wherein at least one cell (or at least one cell line) expresses a Src 
kinase family member mutant, which contains a mutation of at least one residue, 
which is characteristic for the Src kinase family, preferably at least one residue in the 
ATP binding site of a Src family kinase, which allows to identify test compounds 
which do not bind to the Src family mutant (in contrast to wt Src). 

10. Method of any of claims 1 to 9, wherein at least one cell (or at least one cell line) ex- 
presses a Src kinase family member "double" mutant, which contains (i) at least one 
mutation leading to a hyperactivated form of a Src family kinase and (ii) at least one 
mutation at a specificity determining region. 

11. Method of any of claims 1 to 10, wherein the mode of action (direct or indirect), the 
specificity, and/ or the effectiveness of a test compound on the (activity of a) Src fam- 
ily kinase is/ are determined. 

12. Method of any of claims 1 to 11, wherein at least one, preferably two, three or four, 
nucleic acids coding for a mutated Src family kinase are selected from the group con- 
sisting of SEQ ID NOs 1 to 4 (Src kinase mutant sequences), SEQ ID NOs 5 to 8 
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(Yes kinase mutant sequences), SEQ ID NOs 9 to 12 (Fgr kinase mutant sequences), 
SEQ ID NOs 13 to 16 (Fyn kinase mutant sequences), SEQ ID NOs 17 to 20 (Lck 
kinase mutant sequences), SEQ ID NOs 21 to 24 (Hck kinase mutant sequences), 
SEQ ID NOs 25 to 28 (Lyn kinase mutant sequences), SEQ ID NOs 29 to 32 (Blk 
kinase mutant sequences), and SEQ ID NOs 33 to 36 (Yrk kinase mutant sequences). 

13. Method of any of claims 1 to 12, wherein the method is based on four cells (or four 
cell lines), each of them containing one of the four nucleic acids, each of them ex- 
pressing one of the mutant sequences of one Src family member according to claim 
12, e.g. SEQ ID NOs 1 to 4 for Src. 

14. Method of any of claims 1 to 13, wherein the cell or cell line is transfected with a vec- 
tor, in particular an expression vector, containing the nucleic acid of a Src family 
kinase or a Src family kinase mutant. 

15. Method of claim 14, wherein the vector is selected from the group consisting of 
pcDN A4 /TO, PcDNA3-detivatives, and pcDN A5/TO. 

16. Method of any of claims 1 to 15, wherein the expression of the nucleic acid in the 
transfected cell (or cell line) is induced by adding an inductor, preferably an antibiotic, 
e.g. tetracycline. 

17. Method of any of claims 1 to 16, wherein the induced expression causes an overex- 
pression of the nucleic acid in the transfected cell or cell line. 

18. Method of any of claims 1 to 17, wherein the transfected cell is an eukaryotic cell, 
preferably a vertebrate cell, more preferably a mammalian cell, most preferably a hu- 
man cell. 

19 Method of claim 18, wherein the cell is an immortalised cell, a tumor cell line or a 
lymphoid cell. 
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20. Method of any of claims 1 to 19, wherein the phenotype change of the transfected 
cells upon induction and addition of a test compound is determined by qualitative 
and/ or quantitative analysis, preferably by eye, microscope or image analysis. 

5 21. Method of any of claim 20, wherein the phenotype change is determined by assessing 

whether the cellular phenotype of step (c) is changed as compared with the cellular 
phenotype of step (b), whereby a difference in the cellular phenotype indicates that 
said test compound modulates the activity of a Src family kinase. 

10 22. Compound identified, selected and/ or characterized by a method of any of claims 1 

to 21. 

23. Compound of claim 22 as a medicament, particularly for the treatment of diseases, 
which are at least in part caused by a Src family kinase. 

15 

24. Use of a compound of claims 22 or 23 for the production of a medicament for the 
treatment of diseases, which are at least in part caused by a Src family kinase, particu- 
larly by a dysfunction of a Src family kinase, in particular cancer, hypercalcemia, 
restenosis, osteoporosis, osteoarthritis, symptomatic treatment of bone metastasis, 

20 rheumatoid arthritis, inflammatory bowel disease, multiple sclerosis, psoriasis, lupus, 

graft vs. host disease, T-cell mediated hypersensitivity disease, Hashimoto's thyroidi- 
tis, Guillain-Barre syndrome, chronic obtructive pulmonary disorder, contact dermati- 
tis, cancer, Paget's disease, asthma, ischemic or reperfusion injury, allergic disease, 
atopic dermatitis, transplant rejection or allergic rhinitis. 

25 

25. Pharmaceutical composition containing a compound according to claims 22 or 23, 
and a pharmaceutically acceptable carrier, adjuvant or vehicle. 

26. Pharmaceutical composition according to claim 25 for the preparation of a medica- 
30 ment for the treatment of cancer, hypercalcemia, restenosis, osteoporosis, osteoarthri- 
tis, symptomatic treatment of bone metastasis, rheumatoid arthritis, inflammatory 
bowel disease, multiple sclerosis, psoriasis, lupus, graft vs. host disease, T-cell medi- 
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ated hypersensitivity disease, Hashimoto's thyroiditis, Guillain-Barre syndrome, 
chronic obtructive pulmonary disorder, contact dermatitis, cancer, Paget's disease, 
asthma, ischemic or reperfusion injury, anergic disease, atopic dermatitis, transplant 
rejection or allergic rhinitis. 

27. Use of a pharmaceutical composition of any of claims 25 or 26 for the production of 
a medicament for the treatment of diseases, which are at least in part caused by a Src 
family kinase, preferably cancer, hypercalcemia, restenosis, osteoporosis, osteoarthri- 
tis, symptomatic treatment of bone metastasis, rheumatoid arthritis, inflammatory 
bowel disease, multiple sclerosis, psoriasis, lupus, graft vs. host disease, T-cell medi- 
ated hypersensitivity disease, Hashimoto's thyroiditis, Guillain-Barre syndrome, 
chronic obtructive pulmonary disorder, contact dermatitis, cancer, Paget's disease, 
asthma, ischemic or reperfusion injury, allergic disease, atopic dermatitis, transplant 
rejection or allergic rhinitis. 
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The invention relates to a method of identifying, selecting and/or characterizing a com- 
pound which modulates the activity of at least one Src family kinase. It further relates to 
compounds identified by said method, pharmaceutical compositions and the use of those 
compounds and pharmaceutical compositions in the treatment of diseases, which are at 
least in part caused by a Src family kinase. 
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(1) 

SrC : MGSNKSKP - KDASQRRRSLEPAENVHGAGG - -GAFPASQT 

Yes MGCIKSKENKSPAIKYRPENTPEPVSTSVSHYGAEPTTVS 

Fyn MGCVQCKDKE ATKLTEERDGSLNQS - SGYRYGTD 

Yrk MGCVHCKEKI SGKGQGGSGTGTPAH - PPSQYDPD 

Fgr " ' MGCVFCKKLEPVA TAKED AGLEGDFRS YGAADHYGPD 

Hck GGRSSCEDPGCPRDEERAPRMGCMKSKFLQVGGN TFSKTETSASPHCPVYVPDPT 

Lyn MGC I KSKGKD SLSDD GVDLKTQPVRNTERTI YVRDPT 

Lck MGCGCSSHPE- -DD WMENIDVCENCHYPIVPLDGK 

Blk MGLVSSKKPDKEKP- - ~ - - - IKEKDKGQWSPLKVSAQDKD 

* * 

Src . PS KPAS ADGHRG - - PSAAFAPAAAEP - -KLFGGFNSSDTVTSPQRAGPLAGGVTTFV^F^ 

Yes PCPSSSAKGTAVNFSSLSMTPFGGSSGVTPFGGASSSFSWPSSYPAGIiTGGVTIFVAIiY 
Fyn PTPQHYPS FGVTS I PNYNNFHAAGGQGLTVFGG - - VNS S SHTGTLRTRGGTGVTLF VAL Y 

Yrk PTQLSG- - -AFTHIPDFNNFHAAAVSPPVPFSGPGFYPCNTLQAHSSITGGGVTLFIALY 

Fgr PTKARPAS -SFAHIPNYSNFSSQAINPGFLDSG TIRGVSGIGVTLFIALY 

Hck STI KPGPNSHNSNTPG IREAGS EDI IWALY 

L Y n SNKQQRPVPESQLLPGQRFQTKDPEE QGD IWALY 

Lck GTLL I RNGS E VRDPL VT YEG SN PP AS P LQDNLVIALH 

Blk APPLPPLWFNHLTPPPPDEHLDEDK HFWALY 

► * * . 

SH3 

Src DYESRTETDLSFKKGERLQIVNNTEGDWWLAHSLSTGQTGYIPSNYVAPSDSIQAEEWYF 

Yes DYEARTTEDLSFKKGERFQI INNTEGDWWEARSIATGKNGYIPSNYVAPADS IQAEEWYF 

P Y n D YE ARTEDDLS FHKGEKFQI LNS S EGDWWE ARS LTTGETG Y I PSN YVAPVDS IQAEEWYF 

Yrk DYEARTEDDLSFQKGEKFHIINNTEGDWWEARSLSSGATGYIPSNYVAPVDS IQAEEWYF 

Fgr DYEARTEDDLTFTKGEKFHILNNTEGDWWEARSLSSGKTGC I PSNYVAPVDS IQAEEWYF 

Hck DYEAIHHEDLSFQKGDQMWLEES : GEWWKARSLATRKEGYIPSNYVARVDSLETEEWFF 

Lyn PYDGIHPDDLSFKKGEKMKVLEEH-GEWWKAKSLLTKKEGFIPSNYVAKLNTLETEEWFF 

Lck SYEPSHDGDLGFEKGEPLRILEQS-GEWWKAQSLTTGQEGFIPFNFVAKANSLEPEPWFF 

Blk DYTAMNDRDLQMLKGEKLQVIjKGT - GDWWLARSLVTGREGYVPSNFVARVESLEMERWFF 

* ** : **: : ::: * : ** *:*: : * : * * : ** :::: * * : * 

SH2 

Src GKITRRESERLLLNAENPRGTFLVRESETTKGAYCLSVSDFDNAKGLNVKHYKIRKLDSG 
Yes GKMGRKDAERLLLNPGNQRGIFLVRESETTKGAYSLSIRDWDEIRGDNVKHYKIRKLDNG 
F Y n GKLGRKDAERQLLSFGNPRGTFLIRESETTKGAYSLSIRDWDDMKGDHVKHYKIRKLDNG 
Yrk GKIGRKDAERQIiLCHGNCRGTFL IRES ETTKGAYS LS IRDWDEAKGDHVTCHYKIRKLDSG 

F 9 r GKIGRKDAERQLLSPGNPQGAFLIRESETTKGAYSLSIRDWDQTRGDHVKHYKIRKLDMG 
Hck KGISRKDAERQLLAPGNMLGSFMIRDSETTKGSYSLSVRDYDPRQGDTVKHYKIRTLDNG 
KDITRKDAERQLLAPGNSAGAFLIRESETLKGSFSLSVRDFDPVHGDVIKHYKIRSLDNG 
Lck KN^SRKDAERQLLAPGNTHGSFLIRESESTAGSFSLSVRDFDQNQGEWKHYKIRNLDNG 
Blk RSQGRKEAERQLLAPINKAGSFLIRESETNKGAFSLSVKDVT-TQGELIKHYKIRCLDEG 



Src GFYfTSRTQFNSLQQLVAYYSKHADGLCH^ 

Yes GYYITTRAQFDTLQKLVKHYTEHADGLCHKLTTVCPTVKPQTQGL AKDAWE I PRE S L 

P Y n GYYITTRAQFETLQQLVQHYSERAAGLCCRLWPCHKGMPRLTDIiSVKTKDVWEIPRESIi 

Yrk GYYITTRAQFDTIQQLVQHYIERAAGLCCRLAVPCPKGTPKLADLSVKTKDVWEIPRESL 

F ^ r GYYITTRVQFNSVQELVQHYMEVNDGLCNLLIAPCTIMKPQTLGL- - -AKDAWEISRSSI 

Hck GFYISPRSTFSTLQELVDHYKKGNDGLCQKLSVPCMSSKPQKPWE KDAWEIPRESL 

GYYISPRITFPCISDMIKHYQKQADGLCRRLEKACISPKPQKPWD KD AWE I PRE SI 

Lck GFYISPRITFPGLHELVRHYTNASDGLCTRLSRPCQTQKPQKPWW EDEWEVPRETL 

Blk GYYISPRITFPSLQALVQHYSKKGDGLCQRLTLPCVRPAPQNPWA- - - -QDEWEIPRQSL 

*:**:.* * : :: : * : *** * * *. .* **. *^ 



F„ . AS 



aa 




(2) 



RLEVKLGQGCFGEVWMGTWNGTTRVAIj 

RLEVKLGQGCFGEVWMGTWNGTTKVAIj 

QL I KRLGNGQFGE VWMGTWNGNTKVAlj 

QLLQKLGNGQFGEWMGTWNGTTKVA 1 

TLERRLGTGCFGDVWLGTWNGSTKVA* 

KLEKKLGAGQFGEVWMATYNKHTKVA^ 

KLVKRIiGAGQFGEVV/MGYYNNSTKVA 

KLVERIiGAGQFGEVWMGYYNGHTKVA^ 

RLVRKIiGSGQFGEVWMGYYKNNMKVAIj 



[tlkpgtmspeaflqeaqvmkklrheklvqlya 
Itlkpgtmmpeaflqeaqimkklrhdklvplya 
stlkpgtmspesfleeaqimkklichdklvqiiya 
itlkpgtms pe aflee aq imkrlrhdklvqii ya 

['LKPGTMS PKAFLEE AQVMKLLRHDKLVQIiYA 
IKPGSMSVEAFLAEANVMKTLQHDKLVKLHA 
jKPGTMSVQAFLEEANLMKTLQHDKLVRLYA 
bLKQGSMSPDAFLAEANLMKQIiQHQRIiVRLYA 
Itlkegtms PE AFLGEANMMKALQHERLVRL YA 



. * * * **.**; 




WSE-EPIYT^EYM 

WSE-EPIYI^EFMSKGSLLDFLKEGDGKY^ 

WS E - E P I YI VgE YMNKGS LLD FL KDGE GRAIjKXj PNIj VDMAAQ VAAGMAY I ERMN Y IHRD 
WSE - E P I Y I V§EFM S QGS LLD FLKDGDGRYIiKLPQIjVDMAAQ I AAGMAY I ERMNY IHRD 
WSE-EPIYI\^EFMCHGSLLDFLKNPEGQDLRLPQLVDMAAQVAEGMAYMERMN 

VVTK-EPIYIiIeFMAKGSLLD^^ 
VVTREEPIYIl|EYMAKGSLLDFLKSDEGGK^^ 

WTQ-EPIYIIiEYMENGSLVDFLKTPSGIKXiTINKLLDMAAQIAEGMAFIEERNYIHRD 
WTK-EPIYIV|EYMARGCLLDFIiKTDEGSRLSLPRl4lDMSAQIAEGMAYIERMNSIHRD 
**. *****.**.* **.**** * : .*:*::**:* ***::*. * :*** 



SHI 



Src 
Yes 
Fyn 
Yrk 
Fgr 
Hck 
Lyn 
Lck 
Blk 



XiRAANI IjVGENIiVCKVADFGLARIi I EDNE YTARQGAKFP I KWTAPE AAX»YGRFT I KSDVW 
LRAAN I IjVGENLVCKI AD FGL ARL I EDNE YTARQGAKF P I KWTAPE AAL YGRFT I KSDVW 
LRSANILVGNGLICKIADFGLARLIEDNEYTARQGAKFPIKWTAPEAALYGRFTIKSDVW 
LRAANILVGDNLVCKIADFGIARLIEDNEYTARQGAKFPIKWTAPEAAIjFGKFTIKSDVW 

IiRAANI LVGERLACKI ADFGLARL I KDDE YNPCQGS KF P I KWTAPEAALFGRFT I KSDVW 
LRAANILVSASLVCKIADFGLARVIEDNEYTAREGAKFPIKWTAPEAINFGSFTIKSDVW 
LRAANVLVSESLMCKIADFGLARVIEDNEYTAREGAKFPIKWTAPEAINFGCFTIKSDVW 
LRAANIIiVSDTLSCKIADFGLARLIEDNEYTAREGAKFPIKWTAPEAINYGTFTIKSDVW 
LRAANILVSEALCCKIADFGLARIIDS-EYTAQEGAKFPIKWTAPEAIHFGVFTIKADVW 



SFGILLTEI>^ 

SFGILQTELVTKGRVPYPGMVNREVLEQVERGYRMPCPQGCPESIjHE-LMNIjCWKKDPDE 

~ ™ „^,Tr,«^ m » m r.«rtnnnTPT UT7_T.MTUPMl?TmDT7'R 



Src 

Yes o r uxiiy x du v a aw v t a i. v . — x ~ _ 

Fyn S FG I LLTELVTKGRVP YPGMNNREVIjEQVERGYRMPCPQDC P I S kHE " tiotp 

Yrk ~~~~ " — 

Hck SFGILLMEIVTYGRIPYP^ 

SFGI LLYEIVTYGKIPYPGRTNADVMTAIiSQGYRMPRVENCPDELYD-IMKMCWKEKAEE 

Lck sFGiLLTEiVTHGRIPYPGMTNPEVIQNLERGYRMVRPDNCPEELYQ-LMRLCWKERPED 

Blk sfgvlLMEWTYGRVPYPGMSNPEVIRNLERGYRMPRPDTCPPELYRGVIAECWRSRPEE 



Yrk sfgilltelvtkgrvpypgmnnrevleqvergyrmqcpggcppslhd-vmvqcwkrepee 

SFGILIiTELITKGRIPYPGMNKREVLEQVEQGYHMPCPPGCPASLYE- AMEQTWRLDPEE 



Src pf5M0l3| RPTFEYLQAFLEDYFTSTEPQpQPGENL 

Yes pl^M7^ RPTFEYIQSFLEDYFTATEPQgjQPGENL 

Fyn fe^^ RPTFEYLQSFLEDYFTATEPQ|QPGENL 

Yrk p^sjffijfl RPTFEYLQSFLEDYFTATEPQ||QPGDNQ 

Fgr plll^ RPTFEYLQSFLEDYFTSAEPQpQPGDQT 

Hck RPTFEYIQSVLDDFYTATESQpQQQP- - 

Lyn pSlgj^ RPTFDYLQSVLDDFYTATEGQlQQQP- - 

Lck • |^5^ rptfdylrsvledfftategq|qpqp-- 

Blk R^Pa^ RPTFE FIjQS VLEDF YTATERQ^ELQP - - 



Fig- 18 (^*«Hu*i 





dayl (1h) dayl (4h) 


MTS 

day2(1h) day2 (4h) 


day3(1h) day3 (4h) 


dayl 


ATP 
day2 


day3 


ZM74.6 (con) 

mean(-tet) 

mean(+tet) 

SD(-tet) 

SD(+tet) 

+/-tet (means) 

Z' 


0,164 0.54C 
0,163 0,58£ 
0,032 0,036 
0,011 0,036 
99% 109% 
-128,00 -3,93 


) 0.278 0.77i 
i 0,279 0.81S 
0,038 0,04* 
0,021 0.02E 
100% 105% 
-176,00 -3,93 


' 0,317 1,09^ 
) 0,337 1,1 4C 
I 0.027 0,082 
> 0,026 0.09E 
107% 104% 
-6,95 -10,74 


214855 
21490" 
896f 
714C 
100% 
-1005,7* 


3 361 14C 
f 35907C 
J 3109C 
) 1112C 
99% 
» -60.0S 


J 582472 
) 587691 
) 27383 
> 30183 
101% 
-32,09 


ZM75.7 (Src) 

mean(-tet) 

mean(+tet) 

SD(-tet) 

SD(+tet) 

+/-tet (means) 

Z' 


0,108 0,458 
0,132 0,485 
0,029 0,052 
0,004 0,006 
124% 106% 
-2,81 -5,44 


0,148 0.534 
0.145 0,497 
0,021 0,008 
0,011 0,025 
98% 93% 
! -31,00 -1,68 


0,126 0,586 
0,123 0,396 
0.025 0,042 
0,013 0.014 
98% 68% 
-37,00 0,12 


23450E 
215792 
14194 
10006 
92% 
•2,88 


325403 
28083S 
23609 
6943 
86% 
-1,06 


448831 
233775 
13343 
1441 


52% 
0,79 


ZM75.7 (low dens.) 

mean(-tet) 

mean(+tet) 

SD(-tet) 

SD(+tet) 

+/-tet (means) 

Z* 


0,053 0.254 
0,058 0,252 
0.010 0,029 
0,013 0,029 
110% 99% 
-12,80 -86,00 


0,079 0.287 
0,075 0.261 
0.004 0,025 
0.003 0,004 
95% 91% 
-4,25 -2,35 


0,085 0,358 
0,083 0.242 
0,012 0,019 
0,012 0,018 
98% 68% 
-35,00 0.04 


116690 
125842 
1977 
12953 
108% 
-3,89 


191699 
163482 
8464 
2147 
85% 
-0,13 


265961 
135240 
3717 
7198 


61% 
0,75 


ZM76.3 (Src-KA) 

mean(-tet) 

mean(+tet) 

SD(-tet) 

SD(+tet) 

+/-tet (means) 

Z' 


0,205 0,658 
0,279 0.674 
0,054 0,018 
0,067 0,053 
136% 103% 
-3,91 -12,31 


0,374 1,115 
0,245 0,803 
0,041 0,101 
0.020 0,078 
65% 72% 
-0,42 -0,72 


0,380 1,453 
0,255 1,096 
0,012 0,108 
0,019 0,102 
67% 75% 
0,26 -0,76 


259818 
252037 
16276 
16373 
97% 
-11,59 


530924 
390461 
23059 
24307 
74% 
-0,01 


825367 
593572 
31613 
47037 
72% 
-0,02 


ZM76.3 (low dens.) 

mean(-tet) 

mean(+tet) 

SD(-tet) 

SD(+tet) 

+/-tet (means) 

Z' 


0,193 0,504 
0,230 0,528 
0,039 0,034 
0,061 0,080 
119% 105% 
-7,11 -13,25 


0,264 0,665 
0.218 0.555 
0,032 0,043 
0,032 0.032 
83% 83% 
-3,17 -1,05 


0,296 0,981 
0,257 0,836 
0,013 0,048 
0,032 0,088 
87% 85% 
-2,46 -1,81 


151349 
143889 
6112 
6201 
95% 
-3,95 


284572 
224142 
16956 
5085 
79% 
-0,09 


597675 
361517 
74316 
34512 
60% 
-0,38 


ZM77.2 (Src-YF) 

mean(-tet) 

mean(+tet) 

SD(-tet) 

SD(+tet) 

+/-tet (means) 

Z* 


0,244 0,837 
0,187 0,464 
0,049 0,147 
0,054 0,057 
77% 55% 
-4,42 -0,64 


0.411 1,190 
0.172 0,373 
0.053 0.066 
0.009 0,01 5 


0,422 1,354 
0,130 0,306 
0,021 0,055 
0.011 0,014 


301566 
205115 
8963 
8915 


470629 
171219 
23671 
8522 


749300 
95946 

115199 
9223 
13% 
0,43 


42%: "^31% 
0,22 0,70 


life lib. 


68% 
0,44 


'fv38% 
* 0,68 


ZM77.2 (low dens.) 

mean(-tet) 

mean(+let) 

SD(-tet) 

SD(+tet) 

+/-tet (means) 

Z' 


0,162 0.453 
0,098 0,280 
0,048 0,082 
0,029 0,051 
60% 62% 
-2,61 -1,31 


0,233 0,587 
0,133 0,260 
0,028 0,066 
0,036 0,046 
57% 44% 
-0,92 -0,03 


0,249 0,714 
0,137 0.255 
0,034 0,051 
0,029 0.019 


163222 
106708 
5612 
6547 


280873 
91365 
12255 
5533 


425838 
48423 
20592 
2887 


55% j > :T ; ^36% 
-0 69 Q SA 


65% 
0,35 


• - 0,72 


' : 0,81 


ZM77.8 (Src-YF) 

mean(-tet) 

mean(+tet) 

SD(-tet) 

SD(+tet) 

+Met (means) 

r 


0.294 1,027 
0,284 0,634 
0.014 0,061 
0,038 0,053 


0.479 1.337 
0,132 0,290 
0.042 0,059 
0,008 O.021 


0,447 1,583 
0,125 0,265 
0.042 0,037 
0.005 0,014 


412584 
303942 
14686 
15481 


584915 
183604 
34945 
5598 


934667 
91808 
24413 
6186 


97% 62% 
-14,60 0,13 


27% '^W22% 
0,57 I 0,77 




74% • 
0,17 


; t\?1% - 
0,70 





Fig. 19 -(Table 2) 








79940Q 


94274 B 


0,72S| 


9269P 


602052 


634618 


0,1161 


29896 


19667 


63522 


o.oael 


40262 


37360 


25533 


25% 


110% 


100% 


57V* 




Fig. 20 - (Table 3) ( fa K£-^2-o^ ) 




Fig. 21 - (Table 4) 



